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Section I 
Paragraphs 1-1 to 1-10 


SECTION | 
GENERAL INFORMATION 


1-1. DESCRIPTION. 


1-2. The @ Model 218A Digital Delay Generator 
provides precise, jitter-free time delays from 1 usec 
up to 10,000 psec with respect to a random trigger 
signal. Two delay periods, Tj and T2, are independ- 
ently selectable in digital steps of 1 usec. In addition, 
continuous interpolation between the 1 usec steps is 
possible. 


1-3. The over-all accuracy of each time delay is 
within +0.1 usec +0.001% of the selected delay (when 
triggered by a random signal). 


1-4. Time intervals are initiated by an internal rate 
generator or by external signals from 0 to 10 kc. 
Single delay periods are obtained by depressing the 
MANUAL TRIGGER push-button. 


1-5. The instrument delivers SYNC OUTPUT pulse 
selectable to coincide with the beginning of the delay 


period To» or with the end of the delay period T, or T.. 


START PULSE 
| geLecToR | 


1-6. The Model 218A is useful for checking radar, 
loran, DME and Tacan systems range calibration. 
Resolution or time delays of circuits canbe measured 
with extreme accuracy within a fraction of the time 
used with previous methods. Measuring or simulating 
fast timing gates and other applications are possible, 
by using one of the several companion plug-in units. 


1-7. PLUG-IN UNITS. 


1-8. The associated plug-in units generate pulses 
of various kinds, occuring at To, Ty or To, thus pro- 
viding the output pulses of the basic unit Model 218A. 


1-9. DUAL TRIGGER UNIT-@ MODEL 219A. 


1-10. Two positive trigger pulses A and Bofapproxi- 
mately 50 volts amplitude driven froma 50-ohm source 
are available. The pulses have a width of approxi- 
mately 2 usecandarisetime of0.1 sec. The leading 
edge of pulse A occurs at Tg or Ty as Selected by a 
switch. The leading edge of pulse B occurs at To: 


oR 
HEWLETT { 
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Figure 1-2. Model 218A Digital Delay Generator 
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Figure 1-3. Time Plan Model 219A Plug-In Unit 


1-11. DUAL PULSE UNIT - @ MODEL 219B. 


1-12. Plug-in unit Model 219B generates two high 
powered pulses. The amplitude of each pulse can be 
adjusted individually from 0 to 50 volts. A switch 
associated with each output selects the polarity of 
the pulse. 
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Figure 1-4. Time Plan Model 219B Plug-In Unit 


1-13. The pulse width is variable from 0.2 - 5 usec 
with a rise time of 0.06 usec. The pulses are available 
separately or from a common jack. The source im- 
pedance is 50 ohms for both output modes. 
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1-14. DIGITAL PULSE DURATION UNIT - 
~@ MODEL 219C. 


1-15. The unit Model 219C delivers a fast rise-time 
pulse with its start and stop time digitally controlled 
by the Model 218A. The output supplies a positive 
and negative going pulse simultaneously of 0.03 usec 
rise and decay time. 
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Figure 1-5. Time Plan Model 219C Plug-In Unit 


1-16. One set of output jacks provides a pulse (+ and 
-) of variable amplitude, 0 to at least 15 volts peak 
into an open circuit from a 90-ohm source impedance. 
The second set of output jacks supplies a pulse (+ and 
-) of fixed amplitude, minimum 90 volts peak into an 
open circuit from a 500-ohm source impedance. 


1-17. INSTRUMENT IDENTIFICATION. 


1-18. Hewlett-Packard uses a two-section eight-digit 
serial number (000-00000). If the first three digits 
of the serial number on your instrument do not agree 
with those on the title page of this manual, change 
Sheets supplied with the manual will define differences 
between your instrument andthe Model 218A described 
in this manual. 
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Section I 
Table 1-1 


Table 1-1. Specifications 


@ MODEL 218AR DIGITAL DELAY GENERATOR 


Time Interval Range: (Tg to T, and Tg to T»9) 
1 to 10,000 microseconds, accuracy +0.1 psec, 
+0.001% of time interval selected. 


Digital Adjustment: ; 
1 to 9,999 microseconds in 1 usec steps. 
Interpolation: 
Continuously adjustable control adds 0 to 1 micro- 
second to digital setting. 


Trigger: 
Internal: Rate Generator adjustable 10 c/s to 
10 kc/s in 3 decade ranges. 


External: 
Sine Wave: 5 to 40 volts 
10 c/s - 100 c/s 
2 to 40 volts 
100 c/s - 10 kc/s 


Pulse: Positive or Negative, switch 
selectable; 0 cps to 10 ke, 2 to 
40 volts peak. For Rise Time 
of 0.05 usec or less, delay 
between external input trigger 
and To is less than 0.5 psec. 


Front Panel Screwdriver control pro- 
vides adjustable trigger point over a 
limited range to optimize triggering 
on noisy signals. 


Input Impedance: 400K ohms shunted 
by less than 75 pf. 


Manual: Push button initiates single 
pulse cycle. 


Jitter: 
0.02 usec or less. 


Recovery Time: 
70 usec or 10% of selected interval whichever is 
greater. 


Sync Output: 
Positive Pulse: 
Amplitude: 50 to 70 volts open circuit. 
Source Impedance: 50 ohms, nominal. 
Rise Time: 0.1 usec 
Width: More than 1.5 usec. 


Available atTo, Ty, or To as selected by a switch. 


Internal 1 mc/s Time Base Output: 
When counting internal 1 mc/s crystal oscillator, 
1 volt positive pulses from 500 ohm source at a 
front panel connector are available for longer 
time interval duration. 
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External Counted Signal: 
Range: 10 cps to 1 mc/s, sinusoidal; 0to1l mc/s 
positive pulses; (random or periodic) 


Amplitude: 5 volts rms minimum: sine-wave, 10 
c/s to 100 c/s. 


2 volts rms minimum: 
100 c/s to 1 mc/s. 


2 volts peak, positive pulse 


sine-wave, 


Input Impedance: 1 megohm shunted by 100 pf. 


With external counted signal, delay becomes 1 to 
9,999 periods in one periods in one period steps. 


Accuracy: +1 period, +0.1 usec 


The delay in periods of the external counted signal, 
between pulse Tj and To, is always the difference 
between the T, and T> MICROSECOND DELAY 
dial settings. The TENTHS dial is always cali- 
brated in microseconds. 


Power: 
115 or 230 volts +10%, 50 to 60 cps, 555 watts 


Weight: 
Net 74 lb (33. 596 kg) 


Dimensions: 
14 in. high (35.56 cm), 19 in. wide (48.26 cm) 
24 in. deep (60.96 cm). Depth behind panel 21- 
3/4 in. (55.25 cm). 


G MODEL 219A DUAL TRIGGER UNIT 


When plugged in Model 218A 


Output: 
Two pulses, A and B 
Amplitude: 50 volts open circuit 
Source Impedance: 50 ohms, nominal 
Rise Time: 0.1 usec 
Width: More than 1.5 usec 


Timing: 
Pulse A at T9 or T, as selected by a switch. 
Pulse B at To 


Polarity: 
Positive 


Power: 
Supplied by Model 218A 


Weight: 
Net 4 lb (1.016 kg) 
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Table 1-1. Specifications (Cont’d) 


@ MODEL 219B DUAL PULSE UNIT 
When plugged in Model 218A 


Output: Two pulses, pulse A and B 


Timing: 
Pulse A - At Tg or T, as selected by a switch 
Pulse B - At To 


Amplitude: 
Individually adjustable, 0 to 50 volts peak open 
circuit, positive or negative polarity, available 
separately or from common jacks. 


Output Impedance: 
50 ohms nominal, for both separate or common 
connection 


Width: 
Individually adjustable 0.2 to 5 usec 


Rise Time: 
0.06 usec 


Power: 
Supplied by Model 218A 


Weight: 
Net 7 lb (3.178 kg) 
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7) MODEL 219C DIGITAL PULSE-DURATION UNIT 


When plugged in Model 218A 


Output: 
Starts at To, ends at Tj, or digitally delayed 
from Tg to Ty with start at Ty: end at To, as 
selected by a switch. 


Polarity: 
Positive and negative-going pulses with their 
most positive excursions clamped to chassis are 
available simultaneously. 


Amplitude: 
Adjustable, 0 to 15 volts peak or more, open 
circuit from 90-ohm source impedance; or 90 
volts peak or more, open circuit from 500-ohm 
source impedance. 


Rise and Decay Time: 
0.03 usec for 90-ohm output 


Power: 
Supplied by Model 218A 


Weight: 
Net 5 lb (2. 270 kg) 
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Section II 
Paragraphs 2-1 to 2-17 


SECTION Il 
PREPARATION FOR USE 


2-1. UNPACKING AND INSPECTION. 


2-2. Unpack the instrument upon receipt and inspect 
it for signs of physical damage such as scratched 
panel surfaces, broken knobs, etc. If there is any 
apparent damage, file a claim with the carrier and 
refer to the warranty page in this manual. 


2-3. REPACKING FOR SHIPMENT. 


2-4. The following list is a general guide for re- 
packaging an instrument for shipment. Ifyou have any 
questions, contact your authorized Hewlett-Packard 
sales representative. 


a. If possible, use the original container designed 
for the instrument. 


b. Wrap the instrument in heavy paper or plastic 
before placing it in the shipping container. 


c. Use plenty of packing material around all sides 
of the instrument and protect the panel with card- 
board strips. 


d. Use heavy cardboard carton or wooden box to 
house the instrument and use heavy tape or metal 
bands to seal the container. 


e. Mark the packing box with ‘‘Fragile’’, ‘‘Delicate 
Instrument’’, etc. 


Note 


If the instrument is to be shipped to Hewlett- 
Packard Company for service or repair, 
attach to the instrument a tag identifying the 
owner and indicating the service or repair 
to be accomplished. In any correspondence 
be sure to identify the instrument by model 
number, serial prefix, and serial number. 


2-5. POWER REQUIREMENT. 


2-6. The Model 218A requires a power source of 
115/230 volts +10%, 50 to 60 cps, 555 watts. 


2-7. POWER CABLE. 


2-8. To protect operating personnel, the National 
Electrical Manufacturer’s Association recommends 
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that the instrument panel and cabinet be grounded. 
This instrument is equipped with a three-conductor 
power cable which, when plugged into an appropriate 
receptacle, grounds the instrument. The offset pin 
on the power cable three-prong connector is the 
ground pin. 


2-9. To preserve the protection feature when oper- 
ating the instrument from a two-contact outlet, use 
a three-prong to two-prong adapter and connect the 
green pigtail on the adapter to ground. 


2-10. 230-VOLT OPERATION. 


2-11. The Model 218A is normally wired for operation 
from a nominal 115-volt supply. Operation from a 
230-volt source is easily accomplished by reconnect- 
ing the dual 115-volt primary windings of the power 
transformer from a parallel configuration to a series 
configuration using RT901 and RT902 to make the 
connection (see Power Supply Schematic Thermistors 
figure 5-22). RT901 and RT902 are used to limit the 
current surge to transformers T901 and T902, when 
instrument is first turned on. At the time of the 
change, replace F902, the 6.25 amp fuse with a 3.2 
amp fuse for 230-volt operation. 


2-12. INSTALLATION. 


2-13. The Model 218A mounts ina standard 19-inch 
rack, It can alsobe operated on awork benchor table. 


2-14. COOLING. 


2-15. The Model 218A uses forced air cooling. The 
air intake and filter are located on the rear of the 
instrument. For proper ventilation, leave at least 
three inches of clearance behind the air intake. In 
addition, be certain that no other instruments dis- 
charge warm air into the intake of the Model 218A. 


2-16. THERMO CUT-OUT SWITCH. 


2-17. A thermo cut-out switch located on the center 
deck below the decade drawer (see figure 5-1) dis- 
connects the instrument from the power line when the 
temperature within the unit becomes excessively high. 
The instrument will only operate again, after the 
thermo cut-out switch has been reset manually. To 
reset, remove the output plug-in unit and reach push 
button on the inner top right hand side. 
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Turn on power to instrument. 


Select desired time for leading edge of Sync 
Pulse to appear at SYNC OUT jack (3). 


SYNC OUT: Positive pulse approximately 50 
volts amplitude. Rise time 0.1 usec. Source 
impedance approximately 50 ohms. Leading 
edge occurs at (Tg, T,, To») selected by 
switch (2). 


Select frequency to be counted: INT 1 mc to 
select internal pulsed 1 me crystal oscillator; 
EXT to use external signal fed into INPUT 
jack (5). 


Counted frequency OUTPUT/INPUT jack. When 
switch (4) is Up, positive output pulses from 
the 1 mc oscillator are available at this BNC 
jack. Amplitude approximately 1 volt froma 
500 ohm source impedance. 

When switch (4) is Down, an external frequency 
may be fed into this jack. Range 10 cps to 1 mc 
sine waves, or pulses at any rate below 1 me. 
Amplitude 5 volts minimum; Input impedance 
1 megohm, 100 upf. 


Select delays desired from 1.0 psec to 10,000 
usec. Use red knobs to select Tj and black 
knobs to select Tp. (A dial setting of 0000.0 
gives a 10,000.0 microsecond delay.) 


Select input signal source: External positive or 
negative pulse from input jack (8) or internal 
rate generator; Internal rate generator is in 
use whenever START PULSE SELECTOR is on 
X1, X10 or X100 position. 
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INPUT for external trigger. 

Pulse range: 0 to 10 ke, positive or negative 
2 to 40 volts peak. For rise time less than 
0.05 usec the Delay between external input 
trigger and T, is 0.25 psec 40.05 psec: 
Sine Waves: 10 cps to 10 kc, Input Impedance 
approximately .5 megohm, 70 uyf. 

Recovery Time: 50 usec or 10% of selected 
interval (6), whichever is longer. 


Note: Maximum rate is restricted with long delays. 
See figure 3-2. Trigger level voltage may be 
adjusted with screwdrive adjust control (9). 


9. Trigger Level: Adjust trigger level whenusing 
External Input (8). Maximum sensitivity ap- 
proximately 1.5 volts rms when full cw, min- 
imum sensitivity approximately 10 volts rms 
when full ccw. 


. Select internal rate generator frequency. Use 
this control in conjunction with the START 
PULSE SELECTOR (7). 


. Press push button to initiate single time inter- 
vals. SELECTOR switch must be in (+) or (-) 
position to use MANUAL TRIGGER - NOINPUT 
TO EXT TRIGGER JACK (8). 


. Select time Tp or Ty which will determine the 
time of the leading edge of OUTPUT PULSEA. 


. OUTPUT PULSE (A) and (B). 
Leading edge corresponds to time Tg and To. 
Characteristics: Positive, 50 volts amplitude, 
rise time 0.1 usec, source impedance approx. 
50 ohms. 


Figure 3-1. Model 218A/219A Front Panel Operating Controls 
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Section III 
Paragraphs 3-1 to 3-10 


SECTION Ill 
OPERATING INSTRUCTIONS 


3-1. INTRODUCTION. 


3-2. Section II contains information for setting up 
and operating the Model 218A. Different modes of 
operation in conjunction with the companion plug-in 
units aredescribed. In paragraph 3-21 some applica- 
tions of the Model 218A are discussed. 


3-3. TURN-ON PROCEDURE. 


3-4. Become familiar with the principle of operation 
before operating the instrument (see paragraph 4-2). 
The front panel operating controls are explained in 
figure 3-1. When setting the controls remember, 
that the repetition rate and the delay times are inter- 
dependent (see paragraph 4-3). 


Note 


Delay is 10,000 usec, when all MICRO- 
SECOND DELAY dials of Daron To are set to 


0000.0. (Set to 9999 and = this to preclude 


spurious pulses which may occur under cer- 
tain conditions when set to 0000.0.) Be sure 
COUNTED FREQ switch (lower right-hand 
corner) is in position INT 1 MC, unless an 
external frequency is being counted. 


3-5. OPERATION WITH PLUG-IN UNITS. 


3-6. Different plug-in units provide output pulses 
for the Model 218A instrument (see paragraph 1-7). 
The operation of the Model 218A with its associated 
plug-in units is shown in figures 3-3 through 3-5. 
Operating the Model 218A with an external time base 
is indicated in figure 3-16. 


REPETITION RATE -CPS 


LONGER MICROSECONDS DELAY (T, OR Te) Gx SiGe 


Figure 3-2. Repetition Rate Chart 
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3-7. MAXIMUM REPETITION RATE. 


3-8. For maximum accuracy of the delay periods 
select a repetition rate, that allows an off-time of at 
least 10% of the longer delay period (T; or To). The 
instrument automatically reduces the actual repetition 
rate if a minimum off time of 50 microseconds be- 
tween two time delay periods is not maintained (see 
figure 3-7). The dial reading of the internal (or 
external) repetition rate then indicates a rate that is 
higher than the actual repetition rate. The chart of 
figure 3-2 shows the maximum possible repetition 
rate for a given longer delay period (T, or Tg). 


Note 


When only one delayed pulse is being used 
(e.g. T}) set the other delay (here T 9) to 
0001.0. This will eliminate the paaaibility 
of the unused delay pulse accidentally being 
set to a delay longer than desired. Asa 
result the repetition rate would be lowered 
internally. 


3-9. CALCULATING MAXIMUM RATE. 


3-10. The formula for the maximum repetition rate is: 


10° 
Max. feep ~ CEO in cps 


usec 


where: T = longer delay time (Tj or To); 
50 = rest time of 50 psec. 


REP RATE 
t+ SET ON 


DIAL 


ACTUAL 
REP. RATE 


LIMITED BY 
LOCKOUT 
GATE 


A= MAX, DELAY FOR GIVEN REP. RATE 
B= MIN. TIME FOR CRYSTAL RECOVERY SOULSEC 
LO-S-6977 


Figure 3-3. Limitation of Repetition Rate 
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Section III Model 218A 
Figure 3-4 


OUTPUT OUTPUT 
PULSE A PULSE 


1. Set MICROSECOND DELAY dials: T, on red . Set switch to desired output pulse (T, or To). 
controls; T9 on black controls. 


. Set COUNTED FREQ switch to INT 1 MC. 
Note: T, or Ty can be the longer delay, since they 
are independent. . Set SYNC OUTPUT selector switch to To, 
Ty or To. 
2. Select Trigger Mode: Internal Repetition Rate 
or External Trigger. . Turn ON instrument. 


Figure 3-4. Model 219A Plug-In Operation 
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Model 218A Section III 
Figure 3-5 
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EXTERNAL OUTPUT OUTPUT SYNC OUTPUT 
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1. Set MICROSECOND DELAY dials: T, on red . Select output mode, SEP or COM. 50 ohm 
controls Ty» on black controls. output in either position. 


Note: T, or To» can be the longer delay, since 


they are independent. . Duty limit, if exceeded reduce pulse repe- 


tition rate or pulse WIDTH (see step 8). 


Select Input Trigger Mode: Internal Rate 
Generator or External Trigger. . Select AMPLITUDE, WIDTH and POLARITY 
of output Pulse B. 

Select time of leading edge of Pulse A. 

Select AMPLITUDE, WIDTH and POLARITY potewiLch to I. MC. 

of output Pulse A. 

10.Select SYNC OUTPUT at To, Tj, or To. 

. Duty limit, if exceeded reduce pulse repe- 

tition rate or pulse WIDTH (see step 4). 11. Turn ON instrument. 


Figure 3-5. Model 219B Plug-In Operation 


00095-2 3-3 


Section III Model 218A 
Figure 3-6 


SYNC OUTPUT 


EXTERNAL 90N 500M 90M 


—= 
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OUTPUT OUTPUT 


1. Set MICROSECOND DELAY dials: T, on . Set AMPLITUDE (for 90 ohm output). 
red controls, T»> on black controls. 


Select Output Impedance for NEGATIVE OUT- 


Note: T, or To» can be longer delay since they are PUT: 


independent, however pulse polarity will 


she lak: 90 ohms, amplitude variable 0 - 15 volts, 


2. Select Input Trigger Mode: Internal Rate (measured into open circuit). 


ag Saly aac ab St abd (A Shee 500 ohms, amplitude fixed -90 volts, (mea- 


Select PULSE TIMING To - T, or Tj - To. spider 2 ee actLt a 
Select Output Impedance of POSITIVE OUTPUT: . Set AMPLITUDE (for 90 ohm output). 


90 ohms, amplitude variable 0 - 15 volts 8. Set switch to INT. 1 MC. 
(measured into open circuit). 

9. Select SYNC OUTPUT at To - T, or To. 
500 ohms, amplitude fixed -90 volts (mea- 
sured into open circuit). 10. Turn ON instrument. 


Figure 3-6. Model 219C Plug-In Operation 
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Model 218A Section III 
Figure 3-7 
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Ti, T2 in microseconds indicate number cf cycles of external signal. 


1. Set MICROSECOND DELAY dials: T, on red . Set switch to desired output pulse (To or T). 
controls, T» on black controls. 
Note: T, or Toy can be the longer delay, since COTO! CERIN GENTE WEE OEM. 
they are independent. 
Set COUNTED FREQ switch to EXT. 
Select Trigger Mode: Internal Repetition Rate 
or External Trigger. 
. Set SYNC OUTPUT selector switch to To 
There is a possible jitter of a maximum of one T, or To. 
period with respect to the External Trigger 
unless the trigger is synchronized with an 
external time base. . Turn ON instrument. 


Figure 3-7. External Time-Base Operation 
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Section II 
Paragraphs 3-11 to 3-24 


3-11. The following examples illustrate the limitation 
of the repetition rate: 


a. Time delay T = 450 usec: Int. Repetition 
Rate = 1 ke. The maximum repetition frequency is 
computed: 


10° 


meiosis 7 Oa Sees 


Max. f 
re 


With the above settings, the maximum repetition rate 
is higher than the set Int. Repetition Rate. The in- 
strument operates properly. 


b. Time delay T = 1450 usec; Int. Repetition 
Rate = 1 ke. The maximum repetition frequency is 
computed: 


10° 


et ee al ORa50 


= 667 cps 


With the above setting the maximum repetition rate 
is lower than the set Int. Repetition Rate. The in- 
strument limits the actual repetition frequency inter- 
nally to a lower value. 


The correct Int. Repetition Rate can be computed for 
example (b) by allowing an off time of 10% of T. 


10° 


GE sei 


Int. Rep. Rate = 


The maximum repetition frequency (667 cps) is now 
higher than the Int. Repetition Rate (627 cps). The 
instrument operates properly. 


Note 


Figure 3-2 shows a chart for selecting the 
maximum repetition rate possible for a 
given (longer) delay period (Tj or T»9). 


3-12. EXTERNAL TRIGGER AND JITTER OF 
TIME DELAY. 


3-13. The jitter between Tp and Ty, or between Ty 
and To» is not affected by the external trigger signal 
and is always less than 0.001% +0.1 usec. 


tO.1ULSEC +.001% MAX 
INDEP. OF TRIGGER| 


ie aoe 
iN 


> EXT. TRIG. 


44 
| 


ay 
To if Tp 


| 
fe O,25USEC +0,05[SEC 
FOR EXT, TRIGGER PULSE 
WITH RISE TIME OF O.O5LLSEC 
OR BETTER 
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3-14. START OF TIME DELAYS. 


3-15. There are two ways to trigger the Model 218A; 
i.e.: to initiate a time delay: 1) External Trigger 
2) Internal Sync. 


3-16. EXTERNAL TRIGGER. 


3-17. Pulses or sine waves of maximum 10kc trigger 
the Model 218A externally. Single delay periods are 
initiated by depressing the MANUAL TRIGGER push- 
button, with the START PULSE SELECTOR switch 
either in +EXT or -EXT. 


Note 


Refer also to figure 3-9 and to the specifi- 
cations in the front of this manual. 


3-18. INTERNAL SYNC OPERATION. 


3-19. An internal repetition rate generator starts 
the delay period with the START PULSE SELECTOR 
switch in X1, X10, or X100. The repetition rate is 
continuously variable from 10 cps to 10 ke (PULSE 
RATE control interpolates between decades.) For 
limitation of repetition rate see paragraph 3-7. 


3-20. The repetition rate can be lowered by connec- 
ting an external capacitor from pin 6 of V101A to 
pin 8 of J103 (testpoint). Set START SELECTOR 
switch to X100. 


Rate: 1 to 10 cps Capacitor: 1.8 ufd/300 vdew 
a to “Lecps 18 fd/300 vdew 


3-21. APPLICATIONS. 


3-22. In combination with its various plug-in units, the 
Model 218A provides highly accurate time delays and 
different types of high-powered output pulses. This 
combination opens a wide area of new potential appli- 
cations. In addition to various time measurements, 
the Model 218A and its associated plug-in units enable 
synthesizing of complex pulse forms. 


3-23. DIGITALLY-TIMED TRIGGER PULSES, 


3-24. MEASURING WAVEFORMS. The precision 
time delays obtainable with the Model 218A make it 
possible to calibrate waveforms (rise time, pulse 
width etc.) be modulating the intensity of the oscillo- 
scope trace with the timed output pulse of Model 219A. 


+O.IUSEC 4.001% MAX. 
INDEP. OF TRIGGER 


EXT. RIG: 


> To 


Ty To 


| 
—r{le— APPROX. 0.25[SEC 
DEPENDING ON QUALITY 
OF EXT, TRIGGER SIGNAL 


Figure 3-8. Delay and External Trigger 
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1. Connect External Trigger Source to External 
Trigger Input. 


Set START PULSE SELECTOR to +EXT. or 
-EXT. 


Sine Wave: 5 volt rms for 10-100 cps 
2 volt rms for 100 cps to 10 KC 


Pulse: 2 to 40 volt peak positive or 
negative for 0 to 10 KC 


Section III 
Figure 3-9 


©.©10.© 


—-= 


Note: Delay between External Input Trigger and To 
is 0.25 usec +0.05 psec fora pulse rise time 
0.05 psec or less. 


3. Select correct repetition range according to set 
MICROWAVE DELAY. (See figure 3-2.) 


MANUAL TRIGGER. 


. TRIGGER LEVEL ADJUST, see INPUT SENSI- 
TIVITY CHECK of figure 4-5. 


Figure 3-9. External Trigger Operation 
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3-25. Since the time interval is read off the MICRO- 
SECONDS DELAY dials of the Model 218A, the sweep 
time of the oscilloscope does not have tobe calibrated. 
See figure 3-10. 


LO-S-692 


Figure 3-10. Measuring Waveforms 


3-26. MEASURING DELAY TIMES: Delay lines can 
be measured conveniently and accurately with the 
Model 218A. Output pulse A (at Tg) is fed to the input 
of the delay line. The vertical input of the oscillo- 
scope is connected to the output of the delay line. 
Output pulse B (at Tg) is used asa variable time 
marker (intensity modulation of oscilloscope trace). 
The delay time is read directly off the Tp» dials. 
See figure 3-11. 


218A/219B 


Figure 3-11. Measuring Time Delays 


3-27. SWEEP TIME CALIBRATIONS: The horizontal 
Sweep time can be calibrated by connecting the two 
outputs of the Model 219A unit to the vertical deflection 
of the oscilloscope. Synchronizing the oscilloscope 
with Tg, you will have T, and To available as individ- 
ual time markers. Ty, is adjusted so that its pulse 
appears at the end of the trace. The sweep time is 
read off the MICROSECOND DELAY dials of the 
Model 218A. See figure 3-12. 
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3-28. MEASURING SWEEP TIME LINEARITY: The 
sweep linearity can be measured by using the arrange- 
ment above which is similar to the sweep time cali- 
bration. Measuring a sweep time interval (e.g. 10% 
of full trace) at various points (beginning, center and 
end) will indicate the linearity of the oscilloscope 
sweep. The linearity of fast sweep traces (20 psec 
or less) canbe checked, by using the crystal-controlled 
1 MC timing pulses available at the COUNTED FRE- 


QUENCY output jack. 


To if Ty Ty Tg 


| 


SYNCHRONIZE SCOPE SYNCHRONIZE SCOPE 
WITH SYNC OUT PULSE WITH SYNC OUT PULSE 
AT To AT To 


LO-S -699 


Figure 3-12. Sweep Time Calibration 


3-29. RADAR SYSTEM CALIBRATION: Output pulse 
Ste (and/or T.5) is used as a time marker. The radar 
scope is Byncironined with the SYNC OUT pulse (To) 
of the Model 218A unit. For type B and PPI-system, 
introduce the precision time marks by intensity mod- 
ulating the electron beam. In the case of the type A 
presentation, you can use the output of the Model 219C 
and feed it to the vertical input of the radar scope. 
See figure 3-13. The low output impedance of the 
plug-in pulse generators enables you to generate pre- 
cise defined RF-pulses, occurring at To; T, or To9. 
The RF-stages and IF-stages can be checked for gain 
bandwidth, etc. 


Figure 3-13. Radar System Calibration 


3-30. JITTER MEASUREMENT: The Model 218A 
delivers a precision time delay after the occurrence 
of a random signal. If there is jitter in a periodic 
signal (i.e.: periodicity of the signal varies slightly 
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at random) it can be observed on the oscilloscope 
screen in the following way: Trigger the Model 218A 
externally with the signal, having jitter. Select time 
delay, so that it is slightly lower than the period of 
the signal to be measured. Synchronize oscilloscope 
with T, Sync out pulse. See figure 3-14. 


JITTER- 


Ty 


SLOW SWEEP 
SYNC ON To 


FAST SWEEP 
SYNC ON Ty 


Figure 3-14. Jitter Measurement 


3-31. DUAL PRESET COUNTER. 


3-32. The versatility of the Model 218A is increased 
with the possibility of using an external time base to 
operate the counter of the instrument. The Model 
218A can be operated with any one of its plug-in units 
as a preset counter. 


3-33. A preset counter delivers an output signal after 
a predetermined number of events (pulses or cycles 
of sine waves) has occurred. The signalto be counted 
is fed to the EXT jack of the COUNTED FREQ. input. 
The start of the sampling period is obtained by trig- 
gering the Model 218A externally from the signal to 
be sampled. The end of the sampling period is given 
by output pulse a or Ty. Since there are two indi- 
vidual delay (here sampling) channels, the Model 218A 
operates as a dual preset counter. See figure 3-15. 


I> Ty IN MICROSECONDS INDICATE NUMBER 


OF CYCLES OF EXTERNAL SIGNAL 
LO-S-695 


Figure 3-15. Preset Counter 


3-34. There is a possible maximum one period jitter 
between Tg and T, (or To) depending on the phase 
between the start trigger fier or external) and 
the signal to be counted (externaltime base). Between 
Ty and To» there is no jitter regardless of the phase 


and amplitude of the counted signal. 

3-35. Using the Model 218A as a preset counter 
makes it possible to develop a simple systemto mon- 
itor pulse cw systems, etc. 
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3-36. APPLICATIONS USING THE MODEL 219B OR 
MODEL 219C PLUG-IN UNITS. 


3-37. With the two plug-in units, the Model 218A 
instrument becomes a multi-purpose pulse generator. 
Pulses can be synthesized to form gating pulses, step 
functions accurately timed by the delay unit of the 
Model 218A, etc. 


3-38. Applications are measurements on pulse code 
systems, calibration of pulse multiplex systems. 
The resolution of gating circuits can be measured 
conveniently. Using the low driving impedance of 
the Model 219C plug-in generator, the ballistics of a 
meter movement can be calibrated by applying an 
accurately defined pulse. You can also measure 
the step function response of a mechanical recorder 
system. By applying an extremely short defined 
pulse, the transfer function of a 4 terminal network 
can be determined (filter, servo systems). 


3-39. DEFINITION OF PULSE TERMS. 


3-40. This paragraph contains a series of definitions 
of terms used in pulse measurements. Figure 3-16 
shows a standardized pulse and the accompanying 
definitions describe the terms. 


Figure 3-16. Standardized Pulse Definitions 


a. Amplitude - Relative amplitude is defined in 
terms of the amplitude at the intersection ofthe lead- 
ing edge of the pulse with a smooth curve approxima- 
ting the top of the pulse, extended to meet the leading 
edge. 


b. Rise Time - Time required for the pulse ampli- 
tude to increase from 10% to 90% amplitude. 


c. Pulse Width - Duration in microseconds between 
the intersections of the 50% amplitude line with the 
leading and trailing edges of the pulse. 


d. Overshoot - Amplitude of the first maximum 
excursion of the pulse beyond the 100% amplitude level 
expressed as a percentage of this 100% amplitude. 
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e. Backswing - Amplitude of the first maximum 
excursion in the negative amplitude direction after 
the trailing edge of the pulse, expressed as a per- 
centage of the 100% amplitude. 


f. Droop - The decrease in mean pulse amplitude 
from the 100% level, at some specified time interval 
following the initial attainment of 100% amplitude. 
This decrease is expressed as a percentage of the 
100% amplitude. 


3-41. PULSE CODE SYSTEMS. The Model 219B Dual 
Pulse Generator and the Model 219C Pulse Duration 
Unit can be used to synthesize gating pulses, step 
functions, etc, of extremely precise duration which can 
be used to make measurements on or calibrate pulse 


0.25 USEC 
FIXED DELAY 


IMC TIMING 
PULSES 


INT. REP. RATE 


10 CPS TO 10KC GENERATOR 


INT, REP. RATE 
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code systems or pulse multiplex systems. The res- 
olution of gating circuits can be precisely measured. 


3-42. METER MOVEMENT BALLISTICS TESTS. 
The Model 219C Pulse Duration Unit is ideal for de- 
termining meter movement ballistics characteristics. 
The low driving impedance together with the ability 
to supply a pulse of known duration makes it easy to 
apply the desired pulse and observe the ballistic 
characteristic response. Single pulses can be man- 
ually triggered when in the MANUAL TRIGGER mode. 


3-43. MEASURING STEP-FUNCTION RESPONSE 
(Electrical or Mechanical). Apply an extremely short 
pulse from the Model 219C Pulse Duration Unit and 
observe the response. 


T, TIMING 
PRESET GATE 


COUNTER AND 
DIGITAL 
SELECTION 


Figure 4-1. Simplified Block Diagram 
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CIRCUIT DESCRIPTION 


4-1. GENERAL. 


4-2. This section describes the electrical operation 
of the circuits. First the over-all operation of the 
instrument is described, with reference to a simpli- 
fied block diagram (see figure 4-1). Paragraph 4-9 
describes the complete block diagram, covering the 
important circuit sections. A detailed description 
of the circuits follows in paragraphs 4-28 through 4-96. 


4-3. OVER-ALL OPERATION. 


4-4. To facilitate the understanding of the operation 
principle, the interpolation multivibrator will be 
temporarily disregarded. 


4-5. A trigger pulse (external or internal) starts 
a time delay period. A sequence of 1-mc timing 
pulses is generated time locked with the trigger 
Signal. The accuracy of the timing pulses is deter- 
mined by a crystal-controlled oscillator (better than 
+0.001%). 


4-6. The 1-mc pulses are counted in a four-decade 
counter. When the number of 1-mc pulses has reached 
the value preselected by the MICROSECOND DELAY 
dials a trigger voltage is generated. The trigger 
voltage controls the suppressor grid of preset gate 
Tj (or To). See figure 4-2. 


ZeeXt eta TRIGGER 


PULSE 


ff CRYSTAL 


OSCILLATOR 


AG TIMING 


PULSES 


O.25[~SEC FIXED DELAY 


(es eae 


——» ouTPuT 1,* 


=i > OUTPUT Tp” 


(To) 


i > SYNC OUT 
T 


LO-S-713 


Figure 4-2. Internal Time Base 


4-7. The l-mc timing pulse following immediately 
after the gate has opened will pass through the gate 
and determine the end of a delay period (T,* or T9*). 
The accuracy of the delay period is not affected by 
jitter introduced in the pulse and counter circuits. 
Figure 4-3 shows the time relationship between the 
timing pulse and the trigger voltage onthe suppressor 
grid of the preset gate. 
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{MC TIMING PULSE 


OUTPUT 
PULSE 


% SEE PARA. 3-9 
AND FIG. 3-15 


PRESET A ok A 


| 
| 
CONTROL GRID 
\ 
\ 


PRESET 
SUPPRESSOR GRID mye 
JITTER 


PRESET IN > OUTPUT 
OUT FREE OF viTTER?’ Lo-s-712 


Figure 4-3. Output Pulse 


4-8. At the end of the longer delay period (T, or To) 
the timing pulses are stopped and the decades reset. 
A period of approximately 50 usec is added to allow 
the quartz crystal to come to a complete stop. At 
this moment the Model 218A is ready to be triggered 
for the next delay period. 


4-9. COMPLETE BLOCK DIAGRAM. 


4-10. Figure 4-4 shows the complete block diagram 
of the instrument. The basic wave shapes of figure 
4-5 are keyed to the complete block diagram. Not 
included are the plug-in units at the output. 


4-11. INPUT AMPL./RATE GENERATOR. Provides 
trigger pulses (internal or external) of maximum 10 
ke repetition rate to initiate delay periods. 


4-12. LOCKOUT GATE. Prevents retriggering of 
delay circuits until 50 usec after longer delay period 
has elapsed (crystal recovery). 


4-13. GATE CONTROL BINARY. Supplies gating 
pulse to crystal oscillator, 1 MC Ringer and timing 
pulse gate, start: Tg; stop: at the end of To (longer 
delay); controls the LOCKOUT GATE. 


4-14. CRYSTAL START STOP GATE. Controls 
crystal oscillator, starts crystal oscillator incorrect 
phase approximately 1/2 psec after Tg; Stop: at To. 


4-15. 1 MC CRYSTAL BRIDGE. Balanced crystal 
oscillator, excited through trifilar-wound transformer 
by crystal start-stop gate. 


4-16. 1 MC AMPLIFIER. Amplifies 1-mc output of 
crystal oscillator bridge. 


4-17. 1 MC LIMITER. Amplifies and limits 1-mc 
signal of crystal oscillator. 
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e. Backswing - Amplitude of the first maximum 
excursion in the negative amplitude direction after 
the trailing edge of the pulse, expressed as a per- 
centage of the 100% amplitude. 


f. Droop - The decrease in mean pulse amplitude 
from the 100% level, at some specified time interval 
following the initial attainment of 100% amplitude. 
This decrease is expressed as a percentage of the 
100% amplitude. 


3-41. PULSE CODE SYSTEMS. The Model 219B Dual 
Pulse Generator and the Model 219C Pulse Duration 
Unit can be used to synthesize gating pulses, step 
functions, etc, of extremely precise duration which can 
be used to make measurements on or calibrate pulse 
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code systems or pulse multiplex systems. The res- 
olution of gating circuits can be precisely measured. 


3-42. METER MOVEMENT BALLISTICS TESTS. 
The Model 219C Pulse Duration Unit is ideal for de- 
termining meter movement ballistics characteristics. 
The low driving impedance together with the ability 
to supply a pulse of known duration makes it easy to 
apply the desired pulse and observe the ballistic 
characteristic response. Single pulses can be man- 
ually triggered when in the MANUAL TRIGGER mode. 


3-43. MEASURING STEP-FUNCTION RESPONSE 
(Electrical or Mechanical). Apply an extremely short 
pulse from the Model 219C Pulse Duration Unit and 
observe the response. 


T, TIMING 
PRESET GATE 


COUNTER AND 
DIGITAL 
SELECTION 


Figure 4-1. Simplified Block Diagram 
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CIRCUIT DESCRIPTION 


4-1. GENERAL. 


4-2. This section describes the electrical operation 
of the circuits. First the over-all operation of the 
instrument is described, with reference to a simpli- 
fied block diagram (see figure 4-1). Paragraph 4-9 
describes the complete block diagram, covering the 
important circuit sections. A detailed description 
of the circuits follows in paragraphs 4-28 through 4-96. 


4-3. OVER-ALL OPERATION. 


4-4. To facilitate the understanding of the operation 
principle, the interpolation multivibrator will be 
temporarily disregarded. 


4-5. A trigger pulse (external or internal) starts 
a time delay period. A sequence of 1-mc timing 
pulses is generated time locked with the trigger 
signal. The accuracy of the timing pulses is deter- 
mined by a crystal-controlled oscillator (better than 
+0.001%). 


4-6. The 1-mc pulses are counted in a four-decade 
counter. When the number of 1-mc pulses has reached 
the value preselected by the MICROSECOND DELAY 
dials a trigger voltage is generated. The trigger 
voltage controls the suppressor grid of preset gate 
Tj (or To). See figure 4-2. 


TRIGGER 
PULSE 


CRYSTAL 
OSCILLATOR 


0.25USEC FIXED DELAY 


TIMING 
PULSES 


—> SYNC OUT 


> OUTPUT T,* 


* 


OUTPUT Tp 


Lo-s-7!5 


Figure 4-2. Internal Time Base 


4-7. The 1-mc timing pulse following immediately 
after the gate has opened will pass through the gate 
and determine the end of a delay period (T;* or T9*). 
The accuracy of the delay period is not affected by 
jitter introduced in the pulse and counter circuits. 
Figure 4-3 shows the time relationship between the 
timing pulse and the trigger voltage onthe suppressor 
grid of the preset gate. 
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Figure 4-3. Output Pulse 


4-8. At the end of the longer delay period (T, or To) 
the timing pulses are stopped and the decades reset. 
A period of approximately 50 usec is added to allow 
the quartz crystal to come to a complete stop. At 
this moment the Model 218A is ready to be triggered 
for the next delay period. 


4-9. COMPLETE BLOCK DIAGRAM. 


4-10. Figure 4-4 shows the complete block diagram 
of the instrument. The basic wave shapes of figure 
4-5 are keyed to the complete block diagram. Not 
included are the plug-in units at the output. 


4-11. INPUT AMPL./RATE GENERATOR. Provides 
trigger pulses (internal or external) of maximum 10 
ke repetition rate to initiate delay periods. 


4-12. LOCKOUT GATE. Prevents retriggering of 
delay circuits until 50 usec after longer delay period 
has elapsed (crystal recovery). 


4-13. GATE CONTROL BINARY. Supplies gating 
pulse to crystal oscillator, 1 MC Ringer and timing 
pulse gate, start: Tg; stop: at the end of To (longer 
delay); controls the LOCKOUT GATE. 


4-14. CRYSTAL START STOP GATE. Controls 
crystal oscillator, starts crystal oscillator incorrect 
phase approximately 1/2 psec after To; stop: at To. 


4-15. 1 MC CRYSTAL BRIDGE. Balanced crystal 
oscillator, excited through trifilar-wound transformer 
by crystal start-stop gate. 


4-16. 1 MC AMPLIFIER. Amplifies 1-mc output of 
crystal oscillator bridge. 


4-17. 1 MC LIMITER. Amplifies and limits 1-mc 
signal of crystal oscillator. 
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Figure 4-4. Complete Block Diagram 
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4-18. 1 MC RINGER. Gated by gate binary, supplies 
first several cycles of 1 mc Signal to timing circuits 
(crystal signal linearly added). 


4-19. AMPLIFIER AND SCHMITT TRIGGER. 
Amplifies the 1 mec time base signal from crystal 
oscillator and ringer, forms timing pulses. 


4-20. TIMING PULSE GATE. Controlled by gate 
binary, Supplies 1 mc timing pulses starting at TQ» 
ending at T» (longer delay period). 


4-21. DIGITAL COUNTER, TIMING CIRCUIT. 
Counts 1 mc timing pulses, supplies control signal 
to preset gates, at T , and at T9 respectively. 


4-22. PRESET GATE T, (T.). Opens at time Tal > 
respectively) to pass perrect timing pulse from crys- 
tal oscillator to trigger interpolation multivibrator. 
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4-23. INTERPOLATION MULTIVIBRATOR. Adds 
1 usec minimum delay time. Continuously adjusted 
to 2 usec maximum (counter resets to 0001.0 to 
compensate). 


4-24. RESET DISCRIMINATOR. Provides trigger 
pulse to reset blocking oscillator after T, and To 
have elapsed. 


4-25. RESET BLOCKING OSCILLATOR. Reset 
Counter Gate Binary and Reset Discriminator. 


4-26. RELAXATION OSCILLATOR. Triggers reset 
blocking oscillator, in case one of the 4 beam - 
Switching tubes is not operating properly. 


4-27. BLOCKING OSCILLATOR. Supplies a high 
powered trigger pulse for SYNC OUTPUT, selectable 
to coincide with Tg, Ty or To. 


ACTUAL MICROSECOWOS DELAY, ALSO 
MICROSECOMOS DELAY DIAL SE STING 


0.25 HOPOSECOMD CONSTANT DEL AY | 


@ EXT. TRIGGER PULSE INPUT 


@ 1% TRIGGER PULSE 
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Figure 4-5. Basic Wave Shapes and Timing Sequence 
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4-18. 1 MC RINGER. Gated by gate binary, supplies 
first several cycles of 1 mc signal to timing circuits 
(crystal signal linearly added). 


4-19. AMPLIFIER AND SCHMITT TRIGGER. 
Amplifies the 1 mc time base signal from crystal 
oscillator and ringer, forms timing pulses. 


4-20. TIMING PULSE GATE. Controlled by gate 
binary, Supplies 1 me timing pulses starting at To, 
ending at T> (longer delay period). 


4-21. DIGITAL COUNTER, TIMING CIRCUIT. 
Counts 1 mc timing pulses, supplies control signal 
to preset gates, at T, and at T9 respectively. 


4-22. PRESET GATE Tj (To). Opens at time Ty (T> 
respectively) to pass Pecrect timing pulse fromcrys- 
tal oscillator to trigger interpolation multivibrator. 
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4-23. INTERPOLATION MULTIVIBRATOR. Adds 
1 wsec minimum delay time. Continuously adjusted 
to 2 usec maximum (counter resets to 0001.0 to 
compensate). 


4-24. RESET DISCRIMINATOR. Provides trigger 
pulse to reset blocking oscillator after T,; and To 
have elapsed. 


4-25. RESET BLOCKING OSCILLATOR. Reset 
Counter Gate Binary and Reset Discriminator. 


4-26. RELAXATION OSCILLATOR. Triggers reset 
blocking oscillator, in case one of the 4 beam - 
switching tubes is not operating properly. 


4-27. BLOCKING OSCILLATOR. Supplies a high 
powered trigger pulse for SYNC OUTPUT, selectable 
to coincide with Tg, Tj or To. 
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Figure 4-5. Basic Wave Shapes and Timing Sequence 
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4-28. INPUT CIRCUIT, INT. RATE GENERATOR 
AND LOCKOUT GATE. 


4-29. This circuit provides a standardized, positive 
trigger pulse to operate the lockout gate, when excited 
by a trigger signal at the INPUT. The trigger signal 
is received either through external trigger input (see 
figure 4-6) or internally from an internal repetition 
rate generator (see figure 4-7). In addition single 
delay periods can be initiated by depressing the 
MANUAL TRIGGER push button. 


SPLIT LOAD | 
AMPLIFIER 


TRIG CEVEL 


Figure 4-6. Input Block Diagram 
on External Trigger 


LOCKOUT 
GATE 


Figure 4-7. Input Block Diagram 
on Internal Pulse Rate 


4-30. The external trigger pulse is amplified in 
V101A, which operates as a split-load amplifier. 
The START PULSE SELECTOR switches a positive 
going pulse to the control grid of V101B. The dc-bias 
circuit of this stage, incorporates the external sync. 
sensitivity, the TRIGGER LEVEL control and the 
MANUAL TRIGGER SWITCH for single pulse opera- 
tion. The output pulse of V101B is fed to a Schmitt 
trigger V102, which produces a negative-going pulse 
with a sharp leading edge. The pulseis differentiated 
in T101, inverted and fed to the control grid of the 
lockout gate V103. 
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4-31. When the START PULSE SELECTOR switch is 
in position X1, X10 or X100, stages V101A, V101B 
and V102 are connected for self oscillation, delivering 
a square wave at pin 1 of V102A. The negative swing 
of the square wave is differentiated, inverted and 
provides the trigger pulse for the control grid of the 
Lockout Gate. 


4-32. FREE-RUNNING RELAXATION OSCILLATOR. 


4-33. The oscillator combines a two-stage amplifier 
with a Schmitt trigger in cascade (see figure 4-8). The 
two ‘‘half periods’”’ of the oscillation are controlled by 
a single rc-network, coupling the plate and cathode 
of the first amplifier to the control grid of the second 
amplifier. Feedback is employed from plate V101B 
through V102, to the grid of V101A to obtain the de- 
sired free-running condition. 


< 
POS. FEEDBACK 
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PLATE 


LO-S-7! 
Figure 4-8. Internal Rate Generator 


4-34. Assume a positive transient drives the first 
amplifier V101A into conduction. The negative signal 
appearing at the plate is coupled through the capaci- 
tor C106 to the control grid of the second amplifier 
V101B, driving this stage toward cutoff. The positive 
Signal at the plate of V101B is coupled through the 
Schmitt trigger V102 (no inversion) and applied to the 
grid V101A as a positive feedback. V101A will go to 
saturation, the capacitor C106 will discharge through 
R113 at a rate determined by its rc time. When C106 
has discharged sufficiently, V101B will go back into 
conduction. It will remain in conduction until V101A 
goes into cutoff and C106 again starts discharging 
through R113, thus completing one full cycle. The 
frequency of the square wave is controlled by the 
capacitor C106 through C108 (Decades) and resistor 
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R113 (Variable, interpolation within one decade). 
R114 (Internal Square Wave Symmetry) set the cut- 
off point of V102A. Thus proper symmetry can be 
attained. 


4-35. LOCKOUT GATE. 


4-36. The lockout gate prevents the start of a new 
delay period until 50 usec after the termination of 
the longer delay period (Tj or To). The 50 usec are 
necessary to allow the crystal to come to a complete 
rest after it has been stopped at the end of the longer 
delay period. 


4-37. A gating pulse from the gate binary V206 is 
applied to the suppressor grid of the lockout gate V103. 
An rc network (R238 and C239) in the suppressor 
grid circuit provides a 50 usec delay of the gating 
pulse. 


4-38. The lockout gate provides a trigger pulse Tg 
aS a time reference for the delay time periods. 


4-39. GATE BINARY CIRCUIT. 


4-40. CIRCUIT FUNCTION. 


4-41. Start the 1-mc ringerto start the 1-mc crystal 
oscillator, to open the 1-mc timing pulse gate, and to 
close the lockout gate for the duration of the longer 
delay period (Tj or To) +50 sec. (50 sec necessary 
for reset and recovery of crystal.) See figure 4-9. 


4-42. DESCRIPTION OF THE CIRCUIT. 


4-43. The gate binary V206 is a bistable multi- 
vibrator. A negative-going pulse on control grid (7) 
of V206 initiates the first phase. Plate (6) of V206 
rises, C207 provides positive feedback to control 
grid (2). The second phase is started by a negative 
trigger pulse from the reset circuit applied to control 
grid (2) of V206. Plate (1) rises, C209 providing 
positive feedback to control grid (7). 


4-44. The timing pulse gate is operated through 
cathode follower V205A. A negative-going gating 
pulse starts the 1 mc ringer stage. After a delay of 
1/2 usec the crystal start-stop gate V207 is started 
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operating by a negative gating pulse on its suppressor 
grid. The negative gating pulse of cathode (3) of V205 
also closes the lockout gate V103. 


4-45. PULSED CRYSTAL OSCILLATOR. 


4-46. This section provides a 1-mce Signal, which is 
crystal controlled and phase locked with the trigger 
pulse To. 


4-47. In order to maintain an over-all accuracy of 
+.1 usec for a delay period up to 10,000 usec with 
respect to a random external trigger pulse, it is 
important to establish a precise phase relationship 
between the 1-mc oscillation and the initiating trigger 
pulse. The phase of the first few cycles of a pulsed 
crystal oscillator is not sufficiently accurate to be 
used for timing purposes. This is due to a possible 
unbalance of the oscillator bridge. 


4-48. AnLC-ringing circuit, onthe other hand, behaves 
in a predictable manner when excited by a voltage 
transient. 


4-49. For this reason the oscillations of a pulsed 1-mc 
ringing circuit are added on the oscillations of the 
crystal. See figure 4-5 and figure 4-10. 
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Figure 4-10. 1-Mc Ringer 
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Figure 4-9. Gate Control Binary 
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4-50. 1-MC RINGING CIRCUIT. 


4-51. A negative-going gating pulse at control grid 
(7) of V210 drives this tube into cutoff. The stored 
energy in L207 starts oscillating with its associated 
capacities at 1 mc, phase locked with the leading 
edge of the gating pulse. (See pendulum analogy 
figure 4-10.) The 1-mc signal is fed to the first am- 
plifier V201 of the timing pulse circuit. 


4-52. CRYSTAL OSCILLATOR CIRCUIT. 


4-53. One-half a microsecond after the 1-mc ringer 
has been gated for oscillation, stage V207 is cut off 
by its suppressor grid. Plate (5) of this stage rises 
sharply, producing a positive voltage transient in 
winding A of L204. After phase reversal, coils B 
and C energize the bridge and excite the crystal to 
oscillate in its shunt mode frequency. If the bridge 
is properly balanced the transient does not appear at 
the output but excites the crystal at a known phase. 
The slow build up of the oscillations, even with the 
bridge perfectly balanced is due to the high Q of the 
crystal. The output signal of the crystal is amplified 
in V208 and limited in V209. (See figure 4-11.) 


4-54. Capacitor C213 provides positive feedback from 
plate (5) of V209 to the bridge. The two tank circuits 
of the oscillator bridge are tuned slightly belowl1 mc. 
The crystal-controlled 1-mc signal is added to the 
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l-mc ringer signal and fed tothe control grid (6) of 
vV201. At the end of the delay period a positive tran- 
sient on the suppressor grid (7) of V207 drives this 
stage into conduction. Two events take place: 


a. The voltage drop at plate (5) of V207 is timed 
to be 180° out of phase with the voltage swing of the 
bridge. The result is, that the voltage transient 
coupled through L204 into the bridge will cancel most 
of the energy of the quartz crystal. 


b. Negative feedback from plate (5) of V208 is 
applied to control grid of V207. 


4-55. After the crystal stop pulse brought the quartz 
crystal to a stop rapidly an additional delay period of 
approximately 50 usec is added for the complete stop- 
ping of the crystal (dissipation of residual energy). 
At this time the circuits are ready for the next trigger 
pulse starting a new delay period. Thecrystal is now 
in a quiescent stage again ready tostartan oscillation 
at random time. 


4-56. TIMING PULSE CIRCUITS. 


4-57. These circuits provide accurately spaced, 
jitter-free 1-mc timing pulses during the gating time 
determined by the setting of T, or To, whichever is 
greater. (See figure 4-12.) 


V209 


imc 
LIMITER 
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PRESET GATE 


Figure 4-12. Timing Pulse Circuits 
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Note 


Pulse inverters (transformers or inverter 
tube stages) are used throughout the different 
pulse circuits to drive pulse amplifiers with 
a positive pulse. The output pulse of an 
amplifier driven bya positive pulse has better 
rise time characteristics than when driven 
by a negative pulse. 


4-58. MODES OF OPERATION, 


4-59. There are two operation modes: 


a. Internal 1 mc - The 1-mce signal from the pulsed 
crystal oscillator circuit is amplified and fed to the 
Schmitt trigger V202 and V203. 1-mc timing pulses 
appear at the output of the Schmitt trigger. The first 
pulse occurs at To: 


b. External Counted Frequency - Instead of the 
internal 1 mc signal, sine waves from 10 cps to 1 me, 
or pulses of maximum 1-mc repetition rate may supply 
the time base signal. The time delay, set with the 
MICROSECOND DELAY dials, is then expressed in 
numbers of periods of the applied external time base 
(see paragraph 3-21). 


4-60. TIMING PULSE GATE. 


4-61. The output of the timing pulse gate provides a 
train of 1-mc pulses for the duration of the longer 
delay period (Tj or To). A positive gating pulse from 
the gate control binary is applied to the suppressor 
grid of V204. The 1-mc timing pulses fed to the 
control grid of V204 appear at its plate, as long as 
the gating pulse keeps V204 conducting. 


4-62. COUNTER AND DIGITAL PRESELECTION 
CIRCUIT. 


4-63. The purpose of the counter and preselection 
circuit is to: 


a. Count the 1-mc timing pulses (up to 10,000 
pulses for a maximum delay of 10,000 usec). 


b. Provide a trigger voltage, when the number of 
timing pulses coincides with the number of micro- 
seconds preselected on the four digital MICROSECOND 
DELAY dials. The timing pulse following the one 
that opened the preset gate will determine the 
selected delayed time. 


4-64. BEAM SWITCHING TUBE. 


4-65. The heart of the digital counter is a type 6700 
Magnetron Beam switching tube (see figure 4-13). 
This tube has ten targets (plates from which output 
is taken), ten spades (electrodes for forming and 
locking of electron beam) and ten grids (electrode 
for forming and advancing of the electron beam) 
coaxially located around a common cathode. 
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4-66. The whole assembly is mounted within a per- 
manent magnet to obtain an axial magnetic field. 
Electrons leaving the cathode will observe a deflection 
force due to the simultaneous presence of a transverse 
electrical field and an axial magnetic field. Switching 
of the electron beam by negative trigger pulses results 
in an unidirectional advancing of the beam from one 
target (e.g. 1) to the next target (i.e. 2). Having 
reached target (9), the beam advances to target (0). 
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Figure 4-13. Beam Switching Tube 


4-67. Resetting of the decades consists of two oper- 
ations: 


a. A 200-volt negative-going pulse from the reset 
blocking oscillator clears the tube (extinguishing the 
electron beam) by dropping the spade voltage to the 
cathode potential. 


b. At the end of the reset pulse, the spade voltages 
return to normal at a rate depending on the rc-time 
constant of the spade circuits. The time constant of 
one spade circuit is purposely made longer, so the 
beam reforms on this position. The ‘‘Units’’ decade 
is reset to ‘‘1’’, see paragraph 4-74 all others are 
reset to ‘‘Q’’. 


c. A preset gate ‘‘gates out’’ the timing pulse 
following the one which caused it to open, so it would 
appear that the delay would be 1 microsecond greater 
than indicated by the dial settings. Thisis taken care 
of by designing the timing pulse generator to put out 
a timing pulse at zero time as well as at each micro- 
second thereafter. 


4-68. COUNTING OF THE 1-MC TIMING PULSES. 


4-69. Since time base pulse Tp appears as the first 
pulse of the pulse sequence, it willadvance the ‘‘Units’’ 
decade by one position. At the end of 1 usec the next 
pulse will advance the beam to position two etc. The 
four decades are driven in parallel by the timing 
pulses. The gate pulse concidence circuit unlocks 
the control gates of the TEN, HUNDRED, and THOU- 
SAND decades at the correct time. 
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4-70. 9-99-999 GATE COINCIDENCE CIRCUIT. This 
circuit opens the control gates, (i.e. the 9-gate, 
99-gate and 999-gate) only when specific conditions 
are fulfilled, so that the next timing pulse advances 
the beam of the gated decade by one position. A pas- 
sive resistor network adds the gating pulses according 
to their relative weight: 


9-Gate opens only when unit decade on ‘‘9’’, 


99-Gate opens only when unit and tens decade are on 
‘*9’’ simultaneously. 


999-Gate opens only when unit, tens and hundreds 
decades are on ‘‘9’’ simultaneously. 


4-71. PRESET GATE COINCIDENCE CIRCUIT. The 
preset gate circuit is similar to the 9-99-999 gate 
circuits. A trigger signal is produced, when the 
electron beams of the four decades simultaneously 
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reach the position as determined on the four MICRO- 
SECOND DELAY selector switches. 


4-72. There are two identical Preset Gate Sections 
(T; and To). The following description refers to 
Preset Gate Section T, only (see figure 4-14). 


4-73. The sample target voltages are added and fed 
to the suppressor grid of the preset gate. Assume a 
preselected delay period of 5555 usec. Sincethe first 
timing pulse occurs at To the timing pulse occurring 
5554 usec after Tg advances the four decades to pos- 
ition 5555. The preselection coincidence circuit 
opens preset gate T,. The next timing pulse (i.e. 
5555 usec) passes through the preset gate andtriggers 
the interpolation multivibrator. The same timing 
pulse which closes the preset gate advances. the 
decades to position 5556. The counter continues to 
count the 1-mc timing pulses until the end of the 
second longer delay period. 


GATED TIMING 
o@——, PULSES 


COUNTED 
FREQUENCY 
INPUT 
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UNITS COUNTER 


PRESET 
GATE PRESET. 
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Figure 4-14. Counter Block Diagram 
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4-74. INTERPOLATION DELAY MULTIVIBRATOR. 


4-75. There are two identical Interpolation Delay 
Multivibrators (V502 and V504) following the Preset 
Gates, one for the T,; output and one for the T» output 
(see figure 4-15). The interpolation multivibrators 
are one-shot multivibrators which provide an addi- 
tional delay adjustable over a one microsecond range 
to provide interpolation, calibrated in tenths of micro- 
seconds, between the microseconds steps selected by 
the digital counters. The Interpolation Delay Multi- 
vibrator running time is approximately 1 usec atO on 
the 1/10 dial, and 2 usec at10on the 1/10 dial. Since 
the minimum delay multivibrator running time is ap- 
proximately one microsecond (with the 1/10 dial set 
to ‘‘0’’) it will not put out a trigger pulse until 1 usec 
after receiving a timing pulse from its associated pre- 
set gate. To correct for this extra one microsecond 
delay the counter is reset to 0001 instead of 0000. 


4-76. With the understanding of the interpolation 
multivibrator we look again at the example of para- 
graph 5-60. Timing pulse (‘‘5555’’) passing through 
preset gate triggers the plug-in unit 5556 usec after 
To. Resetting the decades to ‘‘0001’’ means that time- 
wise all events take place one microsecond earlier. 
For a preselected delay time of 5555 usec preset gate 
opens at 5553 psec and the interpolation multivibrator 
is triggered 5554 usec after Tp. The interpolation 
multivibrator triggers the plug-in units 5555 usec 
after To. 


4-77. RESET CIRCUITS. 


4-78. At the end of the longer delay period (T, or TQ) 
the reset blocking oscillator supplies a reset signal. 


4-79. The Reset Pulse resets the Binary, the Decade 
Counters, and the Reset Discriminator. The Gate 
Binary simultaneously closes the Timing Pulse Gate, 
clamps the 1-mc Ringer Stage, stops the Crystal 
Oscillator (after 1/2 usec), and opens the Lockout 
Gate (after 50 sec). In order to get a clear picture 
of the reset phase, as shown in figure 4-16, the 
relaxation oscillator is temporarily disregarded. Its 
function can be discussed separately and will be 
described in paragraph 4-84. 
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4-80. RESET DISCRIMINATOR. 


4-81. The reset discriminator triggers the reset 
blocking oscillator only when the reset pulses from 
both preset gates (T, and T,) have occurred. 

4-82. During the delay period,triodes (pins 1, 2, 3) 
of V601 and V602 are cut off. At the same time triodes 
(pins 6, 7, 8) of both tubes are conducting. The plates 
(pin 6) of both tubes are clamped to ground through 
CR601. Reset pulses T, and To cut off the corre- 
Sponding triode sections of V601 and V602. The 
junction of C612 and R617 rises sufficiently totrigger 
grid (pin 2) of the reset blocking oscillator V603. The 
rise of grid (pin 2) V603 is determined by the time 
constant of the associated rc-network andthe dc-bias. 
R627 adjusts the trigger time phasing of V603 with 
respect to the 1-mc timing pulses. Thus the timing 
of the reset pulse can be adjusted for maximum damp- 
ing of the crystal oscillator oscillations. 


4-83. The discriminator circuits are reset to their 
original condition by the sharp rise coupled to their 
grid circuits through C614 and C615 at the end of the 
reset pulse. 


4-84. RELAXATION OSCILLATOR. 


4-85. If the electron beam does not form inone of the 
type 6700 decade tubes, the Reset Blocking Oscillator 
will be triggered by a relaxation oscillator (see figure 
4-17). The relaxation oscillator always operates when 
the instrument is turned on. 


4-86. The result of the absence of an electron beam 
is that the reset pulse of the following delay period 
cannot be generated. If the reset pulse does not 
occur, the Model 218A is disabled completely. 


4-87. At this moment the relaxation oscillator trig- 
gers the reset blocking oscillator, thus generating 
a reset pulse and unlocking the circuits. 


4-88. The electron beam current is sampled acrossa 
common resistor (R344 for the ‘‘Units’’ decade). In- 
dicator lamp DS304 (for ‘‘Units’’ decade) will light, as 
long as the beam is formed. With no beam formed in 
the ‘‘units’’ decade, a relaxation oscillation is started: 
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Figure 4-15. Preset Gate and Interpolation Multivibrator 
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a. When the beam does not form in the unit decade 
tube, junction of R343 and R344 rises suddenly toward 
0 volt, causing both neon lamps DS303 and DS305 to 
ignite. 

b. Capacitor C307 discharges through the lamps 
keeping the two lamps lit momentarily. The lamps 
extinguish since operating current for the lamps 
cannot be maintained through R310. 
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c. After the lamps are extinguished, capacitor 
C307 is charged negatively through R310 (determin- 
ing the time constant) until the firing voltage of the 
lamps is reached again. 


d. The sharp voltage rise of junction R310 and 
C307 is fed to the reset blocking oscillator V603 
through capacitor C308. 
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Figure 4-16. Reset Circuits 
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Figure 4-17. Relaxation Oscillator 
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4-89. SYNC OUT BLOCKING OSCILLATOR. 


4-90. The sync out blocking oscillator V907 is located 
on the power supply deck. Sync selector switch S902 
feeds one of the three timing pulses To, T, or Tg to 
the input of a triode amplifier (pin 1, 2, 3 of V907). 
The amplifier is plate-coupled toa conventional block- 
ing oscillator. 


4-91. The sync out pulse has an amplitude of approx- 
imately 50 volts, a pulse width of 2 usec and a rise 
time of 0.1 sec. The source impedance is 50 ohms. 


4-92. REGULATED POWER SUPPLIES. 


4-93. The four supplies are of the conventional series 
regulated type (see figure 4-18). Plug-in unit 219C 
requires a higher current in the -200 volt supply. 
Additional series tubes located in the plug-in units 
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are connected in parallel with the series tubes of the 
-200 volt supply. A cathode follower in the -200 volt 
control circuit lowers the impedance level of the 
control signal to minimize stray pickup (reducing 
ripple in the regulated output. 


4-94. The -95 volt supply can only be adjusted, when 
the electron beams in all four type 6700 counter tubes 
are formed. The formation of the beam is indicated 
by neon lamps (see paragraph 5-7 ). 


4-95. CLAMP VOLTAGES. 


4-96. Breakdown diodes provide regulated bias volt- 
ages. These diodes are CR104, CR210, CR211, 
CR312, CR606, and CR918. The voltages at which 
these breakdown diodes regulate are marked on the 
schematic for each diode. 
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Figure 4-18. Regulated Power Supplies 
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Figure 5-1 
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SECTION V 
MAINTENANCE 


5-1. INTRODUCTION. 


5-2. This section contains test and maintenance 
information for Model 218A Digital Delay Generator. 
A performance check is included that may be used to 
verify normal operation. This check is made with 
the instrument in its cabinet and serves as a routine 
or incoming inspection check. This section also in- 
cludes recommended test equipment, troubleshooting, 
repair and adjustment procedures. 


5-3. CLEANING THE AIR FILTER. 


5-4. Inspect the air filter regularly, and clean before 
it becomes dirty enough to restrict air flow. 


a. Remove filter from instrument rear, and wash 
it in warm water and detergent. 


b. Dry filter thoroughly and coat it with filter 
adhesive. We recommend Filter Coat No. 3 from 
Research Products Company, Inc. This adhesive 
comes in ‘‘Handi-Koter’’ sprayer cans and is available 
from most heating supply stores or from your author- 
ized Hewlett-Packard sales representative. 


5-5. TEST EQUIPMENT. 


5-6. Test equipment recommended for use in main- 
taining and servicing the Model 218A is listed in 
table 5-1. Equipment having similar characteristics 
can be substituted for the equipment listed. 


5-7. TROUBLESHOOTING. 


5-8. Before you start troubleshooting or making any 
adjustments take a few minutes and become familiar 
with the principle of operation of the instrument. 


5-9. Section IV provides theoretical information 
(block diagrams, over-all operation, description of 
circuits, etc.). 


5-10. Paragraphs 5-44 through 5-57 describe the 
correct sequence of adjustments and checks to set 
the instrument in proper operating condition. 


5-11. DO NOT make any adjustments hastily if the 
instrument is not working. The instrument will not 
function due to: 


Table 5-1. Recommended Test Equipment 


Range: 1 to 1000 v 


DC Voltmeter 
AC Voltmeter 
Oscilloscope 


Electronic Counter 


Sensitivity: 5 mv/cm 


Frequency Range: 


Accuracy: +0.001% 
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Instrument Type Required Characteristics 


Voltage Accuracy: 3% 
Input Impedance: 100 megohms 


Voltage Accuracy: 5% 
Input Impedance: 10 megohms 
Frequency Range: 10 cps to 4 mc 
Range: 0.1 mv to 300 volts 


Passband: dc to 10 mc 


Input Impedance: At least 9 megohms 


10 cps to 10.1 mc 
Time Intervals: up to 10,000 usec 
+0.1 usec 


Oscillator Frequency Range: 5 cps to 600 kc @ Model 200CD 
Output: At least 0.5 volt rms 
Square Wave Generator Frequency Range: 1 cps to 1 mc 


Output: At least 0.5 volt rms 


Variable Transformer Output Voltage: 103 - 127 volts 


Output Current: 5 amps 


@ Model 410B or 
@ Model 412A 


@ Model 400D 


> Model 150A with 
¢ 152 Plug-In 

@ Model 170A with 
@ 162A Plug-In 


@ Model 524C/D 
with @526B Plug-In 
@ Model 5243L 


@ Model 211A 
Power Stat Type 116 
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Section V 
Paragraphs 5-12 to 5-32 


a. Incorrect setting of controls and switches. 
b. Failure of tubes or other components. 


c. No electron beam formation. 
5-12. PRELIMINARY CHECKS. 


0-13. SETTING OF CONTROLS AND SWITCHES. 


a. Switch $202, located in upper right-hand corner 
of timing pulse circuit board,should be in position 
NORMAL. 


b. COUNTED FREQ. switch should be in position 
INT 1 MC, if internal time base is used. 


c. Check MICROSECOND DELAY controls for cor- 
rect setting. Set unused delay on 0001.0 usec (see 
paragraph 3-5). 


0-14. NO ELECTRON BEAM FORMATION. 


0-15. The Model 218A instrument will not operate 
if one of the type 6700 decade tubes has not formed 
its electron beam. The beam will not form if: 


a. No reset pulse from the reset blocking oscillator. 
b. Tube is defective (magnetic field, filament). 
c. Tube intermittent. 


d. Magnetic materials (bolts, tools) pulled up by 
magnet around tube. 


5-16. NO RESET PULSE. A reset pulse will be trig- 
gered by the relaxation oscillator until the beam is 
formed, and the unit operates properly. 


5-17. For test purposes the 6700 beams may be 
formed by touching a 0.1 uf capacitor (shunted with a 
l-megohm resistor) between the brown reset lead 
(top rear of counter plug-in unit of Model 218A) and 
-200 volts. 


9-18. TUBE INTERMITTENT. Normal operating 
6700 tubes will not form their electron beam when 
Model 218A is turned on, even with all conditions for 
the beam formation fulfilled. Refer to paragraph 4-77 
for detailed information. 


5-19. Indicator lamps DS301, DS304, DS306, and 
DS308 light when the electron beam has formed 
correctly. 


9-20. FAILURE OF COMPONENTS. 


5-21. If a tube is suspected and the trouble symptom 
does not disappear when replacing a tube, put original 
tube back. 


0-22. When replacing a component refer to list of 
replaceable parts in Section VI of this manual. 
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5-23. TROUBLE LOCALIZATION CHART. 


5-24. The Trouble Localization Chart, figure 5-2, 
relates trouble symptoms and their removal in a 
systematic way. Proceed as follows: 


a. Start in the upper left corner. Perform check 
as indicated in box (output pulse Tf T 9): 


b. If checks turn out positive, follow horizontal 
line to the right. 


c. If checks turn out negative (no output pulse) follow 
vertical line down. The line willleadto another check 
or to an adjustment with reference to a paragraph. 


d. A dotted line leads you back to a check done 
previously (after having made an adjustment or a com- 
ponent replacement). The check should be repeated. 


5-25. WAVEFORMS. 


5-26. In pulse circuit work waveforms convey useful 
information. A complete series of waveforms is given 
in table 5-2 as an aid for servicing the instrument. 
The waveforms show in a systematic way the time 
relationship of the signals in the different circuits. 


0-27. Test equipment required: High Speed Oscillo- 
scope, Model 150A or equivalent, Model 151A High 
Gain Amplifier Plug-In Unit, Model 152B Dual Trace 
Amplifier Plug-In Unit. 


Note 


All waveform voltage references are ac- 
coupled unless otherwise specified. 


5-28. REPAIR AND REPLACEMENT. 
0-29. CABINET REMOVAL. 


5-30. To remove the dust cover from the Model 218A 
proceed as follows: 


a. Tilt the instrument on its front side, so it is 
supported by its two handles. 


b. Remove the two screws in the back of the dust 
cover. 


c. Lift the dust cover while feeding the power cord 
through the hole in the rear of the cover. 


5-31. SERVICING ETCHED CIRCUIT BOARDS. 
Note 


Excessive heat or pressure can lift copper 
conductors from etched circuit boards. 


5-32. To remove components from board, clip leads 
on component side of board. New components can 
then be soldered to the leads extending fromthe board 
or the leads can be removed. If leads are removed, 
clean holes with a toothpick (metal awls or soldering 
aids may destroy plating in the hole) before inserting 
leads. 
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Model 218A Section V 
Figure 5-2 
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Section V 
Paragraphs 5-12 to 5-32 


a. Incorrect setting of controls and switches. 
b. Failure of tubes or other components. 


c. No electron beam formation. 


5-12. PRELIMINARY CHECKS. 


5-13. SETTING OF CONTROLS AND SWITCHES. 


a. Switch S202, located in upper right-hand corner 
of timing pulse circuit board,should be in position 
NORMAL, 


b. COUNTED FREQ. switch should be in position 
INT 1 MC, if internal time base is used. 


c. Check MICROSECOND DELAY controls for cor- 
rect setting. Set unused delay on 0001.0 psec (see 
paragraph 3-5). 


0-14. NO ELECTRON BEAM FORMATION. 


5-15. The Model 218A instrument will not operate 
if one of the type 6700 decade tubes has not formed 
its electron beam. The beam will not form if: 


a. No reset pulse from the reset blocking oscillator. 
b. Tube is defective (magnetic field, filament). 
c. Tube intermittent. 


d. Magnetic materials (bolts, tools) pulled up by 
magnet around tube. 


5-16. NO RESET PULSE. A reset pulse will be trig- 
gered by the relaxation oscillator until the beam is 
formed, and the unit operates properly. 


5-17. For test purposes the 6700 beams may be 
formed by touching a 0.1 uf capacitor (shunted with a 
l-megohm resistor) between the brown reset lead 
(top rear of counter plug-in unit of Model 218A) and 
-200 volts. 


5-18. TUBE INTERMITTENT. Normal operating 
6700 tubes will not form their electron beam when 
Model 218A is turned on, even with all conditions for 
the beam formation fulfilled. Refer toparagraph 4-77 
for detailed information. 


0-19. Indicator lamps DS301, DS304, DS306, and 
DS308 light when the electron beam has formed 
correctly. 


9-20. FAILURE OF COMPONENTS, 


0-21. If a tube is suspected and the trouble symptom 
does not disappear when replacing a tube, put original 
tube back. 


0-22. When replacing a component refer to list of 
replaceable parts in Section VI of this manual. 
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5-23. TROUBLE LOCALIZATION CHART. 


5-24. The Trouble Localization Chart, figure 5-2, 
relates trouble symptoms and their removal in a 
systematic way. Proceed as follows: 


a. Start in the upper left corner. Perform check 
as indicated in box (output pulse T / T 9): 


b. If checks turn out positive, follow horizontal 
line to the right. 


c. If checks turn out negative (no output pulse) follow 
vertical line down. The line willleadto another check 
or to an adjustment with reference to a paragraph. 


d. A dotted line leads you back to a check done 
previously (after having made an adjustment or a com- 
ponent replacement). The check should be repeated. 


5-25. WAVEFORMS. 


5-26. In pulse circuit work waveforms convey useful 
information. A complete series of waveforms is given 
in table 5-2 as an aid for servicing the instrument. 
The waveforms show in a systematic way the time 
relationship of the signals in the different circuits. 


5-27. Test equipment required: High Speed Oscillo- 
scope, Model 150A or equivalent, Model 151A High 
Gain Amplifier Plug-In Unit, Model 152B Dual Trace 
Amplifier Plug-In Unit. 


Note 


All waveform voltage references are ac- 
coupled unless otherwise specified. 


5-28. REPAIR AND REPLACEMENT. 
9-29. CABINET REMOVAL. 


5-30. To remove the dust cover from the Model 218A 
proceed as follows: 


a. Tilt the instrument on its front side, so itis 
supported by its two handles. 


b. Remove the two screws in the back of the dust 
cover. 


c. Lift the dust cover while feeding the power cord 
through the hole in the rear of the cover. 


5-31. SERVICING ETCHED CIRCUIT BOARDS. 
Note 


Excessive heat or pressure can lift copper 
conductors from etched circuit boards. 


5-32. To remove components from board, clip leads 
on component side of board. New components can 
then be soldered to the leads extending fromthe board 
or the leads can be removed. If leads are removed, 
clean holes with a toothpick (metal awls or soldering 
aids may destroy plating in the hole) before inserting 
leads. 
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Section V 
Figure 5-2 
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Section V Model 218A 
Table 5-2 


Table 5-2. Waveforms 


Internal Repetition Rate Generator 


Model 218A Settings:| Switch S202 to NORMAL, set Ty and Tg to 0002.0 usec. 
Set Internal Pulse Repetition Rate to 1 kc. 


Sweep: 500 usec/cm Pin 1, plate of V102B 
Sync: + INT Pin 7, grid 1 of V101A 


cathode of V101A 
plate of V101A 


Same as 1. 


Same as 1. Pin 2, grid 1 of V101B 
plate of V101B 


Same as 1. Pin 3/8, cathode of V102A/B 
Pin 6, plate of V102A 


Same as 1. 


Pin 2, grid of V102B 
Pin 1, plate of V102B 


Input Circuit on External Trigger 


Model 218A Settings:; Switch S202 to NORMAL; set T, and T» to 0002.0 usec. 
Trigger with square wave ( @ Model 211A) (50 v, 0.1 usec rise; 10 kc). 


Pin 6, J103, typical EXT, TRIGGER - 
pulse 


Pin 1, V103, control grid lockout gate. 


Sweep: 1 psec/cm 


Sync: +EXT use 
external trigger 
of Model 218A 
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Model 218A 


Same as 6. 


Same as 6, 


9. Sweep: 1 usec/cm, 


Sync: + EXT use 
external trigger 
pulse of Model 218A 


10. | Same as 9. 
Vert. Input - DC 


11. | Same as 9. 
Vert. Input - DC 


12. | Same as 9. 
Vert. Input - DC 
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Pulsed Crystal Oscillator 
Model 218A Settings: 


Table 5-2. Waveforms (Cont'd) 


Pin 5 of T102, secondary 


Set Ty and T, to 0200.0 psec 
Set pulse repetition rate to 100 cps 


Pin 5, plate of LOCKOUT GATE V103 

Pin 7, SUPPRESSOR of LOCKOUT 
GATE V103 

Pin 1, control grid of LOCKOUT 

GATE V103 


Switch S202 to NORMAL, set me 4.0 usec, To to 6.0 usec. 


Trigger with square wave (@) 21 
repetition rate). 


Pin 6, J103, EXT. TRIGGER pulse 


Start INPUT at test point between 
R270 and S202 


Stop INPUT at test point between 
R256 and S202 


Pin 6 of V206, plate gate control 
binary. 


Pin 1 of V205, plate gate control 
binary 


Pin 7, suppressor grid of crystal 
gate V207 


Pin 1, control grid of 1 mc limiter 
v209 


Pin 7, control grid of 1 mc ringer 
Vv210 


Pin 3/8, cathode of 1 mc ringer V210 


NACFO< 


Input Circuit on External Trigger (Cont'd) 
' Pin 7, of T101, Primary 


A) (20 v, 0.1 usec rise, 10 kc 


NAAC-Oo< 


NA im 
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Section V Model 218A 
Table 5-2 


Table 5-2. Waveforms 


Internal Repetition Rate Generator 


Model 218A Settings:| Switch S202 to NORMAL, set Tj and Tyg to 0002.0 usec. 
Set Internal Pulse Repetition Rate to 1 kc. 


Sweep: 500 usec/cm Pin 1, plate of V102B 

Sync: + INT Pin 7, grid 1 of V101A Vj 
O 
fe 
ti 
S 

Same as 1. Pin 8, cathode of V101A 


Pin 6, plate of V101A 


Same as l. Pin 2, grid 1 of V101B 
Pin 1, plate of V101B 


ie) 2.9 5MS 


Same as l. Pin 3/8, cathode of V102A/B 
Pin 6, plate of V102A 


Same as 1, Pin 2, grid of V102B 
Pin 1, plate of V102B 


Input Circuit on External Trigger 


Model 218A Settings:; Switch S202 to NORMAL; set T, and Tg to 0002.0 usec. 
Trigger with square wave ( ¢) Model 211A) (50 v, 0.1 usec rise; 10 kc). 


Sweep: 1 ysec/cm Pin 6, J103, typical EXT, TRIGGER Pe Pore _ 
Sync: + EXT use pulse 20 / 
external trigger Pin 1, V103, control grid lockout gate. | Y 4 
of Model 218A ues 
Ne 
0 
0 5 lows 
G-L-14 
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Model 218A Section V 
Table 5-2 (Cont'd) 


Table 5-2. Waveforms (Cont'd) 


Input Circuit on External Trigger (Cont'd) 
Same as 6, ' Pin 7, of T101, Primary 


Pin 5 of T102, secondary 


Same as 6, 


Set T; and Ty, to 0200.0 usec 
Set pulse repetition rate to 100 cps 


Pin 5, plate of LOCKOUT GATE V103 

Pin 7, SUPPRESSOR of LOCKOUT 
GATE V103 

Pin 1, control grid of LOCKOUT 

GATE V103 


Pulsed Crystal Oscillator 


Model 218A Settings: Switch S202 to NORMAL, set T, to 4.0 psec, To to 6.0 usec. 
Trigger with square wave (211A) (20 v, 0.1 usec rise, 10 kc 
repetition rate). 


9. Sweep: 1 usec/cm, Pin 6, J103, EXT. TRIGGER pulse J 
Sync: + EXT use Start INPUT at test point between ) 
external trigger R270 and S202 - 

pulse of Model 218A S 


Stop INPUT at test point between 
R256 and 8202 


10. | Same as 9. Pin 6 of V206, plate gate control 


Vert. Input - DC pinany: 
Pin 1 of V205, plate gate control 
binary 


11. | Same as 9. Pin 7, suppressor grid of crystal 


Vert. Input - DC gate V207 
Pin 1, control grid of 1 mc limiter 
V209 


NAAT-O< 


12. | Same as 9. Pin 7, control grid of 1 mc ringer 


Vert, Input - DC geuG 
Pin 3/8, cathode of 1 mc ringer V210 


NAl-rOo< 
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Section V Model 218A 


Table 5-2 (Cont'd) 
Table 5-2. Waveforms (Cont'd) 


Pulsed Crystal Oscillator (Cont'd) 
Pin 2, plate of 1 mc amplifier V201 
Pin 5, secondary of T201 


Same as 9. 


Same as 9, Pin 7, suppressor grid of TIMING 


PULSE GATE V207 


Pin 3, secondary of T202, gated 
timing pulses 


Vert. Input - DC 


Unit Decade Reset 


Model 218A Settings: Switch S202 to NORMAL, set Ty and To to 0022.0 usec. 
Set pulse repetition rate to 1 kc. 


Division by '10"' and RESET to "1" 


RESET OTHER THAN 


Sweep: 5 usec/cm 
1 18 INCORRECT 


Sync: SYNC OUT 


Ofsl ys 
Probe: Brown wire 
S301 (UNIT) | RESET TOW 
i | 1S CORRECT 
Vert. Input - DC =e a 


Tens Decade Reset 


Model 218A Settings: Switch S202 to NORMAL, set Ty and Ty to 0222.0 usec. 
Set pulse repetition rate to 100 cps. 


Division by "10" and RESET to ''0" 


Sweep: 50 usec 
Sync: SYNC OUT To 


Probe: Black wire 
S302 (TENS) 


Vert. Input - DC 


Hundreds Decade Reset 


Model 218A Settings: Switch S202 to NORMAL, set T, and T, to 2222.0 usec 


Set pulse repetition rate to 100 cps. 
Division by ''10" and RESET to ''0" 


Sweep: 500 usec/cm 
Syne: SYNC OUT To 


Prob2: Black wire 
(HUNDREDS) 


Vert, Input - DC 
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Model 218A . Section V 
Table 5-2 (Cont'd) 


Table 5-2. Waveforms (Cont'd) 


Thousands Decade Reset] 
Model 218A Settings: Switch S202 to NORMAL, set Ty and Ty to 10, 000 psec (000. 0). 
Set pulse repetition rate to 25 cps. 


Sweep: 2 mc/cm | Division by 10" and RESET to "0" 
Sync: SYNC OUT T9 


Probe: Black wire 
S304 (THOUSANDS) 


Vert. Input - DC 


Preset Gate 
Model 218A Settings: Switch S202 to TEST. Set Ty to 0004.0, T> to 0006.0. 
START PULSE SELECTOR on+EXT., PUSH MANUAL TRIGGER 


Sweep: 200 yusec/cm Pin 7 of V503, Preset Gate T; (20 


Sync: EXT at black Pin 7 of V501, Preset Gate T, 
wire of S304 
(THOUSANDS 
selector switch) 


Vert. Input - DC 


Same as 19, except Pin 7 of V503, Preset Gate T, 
Pin 7 of V501, Preset Gate To 


20 ysec/cm 
Vert. Input - DC 


Same as 19, except Pin 7 of V503, Preset Gate Ty 


2 usec/cm Pin 7 of V501, Preset Gate To 
Vert. Input - DC 


Same as 19, except Pin 7 of V503, Preset Gate Ty 


1 psec/cm Pin 7 of V501, Preset Gate To 
Vert. Input - DC 


Interpolation Multivibrator 
Model 218A Settings: Switch S202 to NORMAL, set T, to 0004.0 and T9 to 0006. 0. 


Sweep: 1 usec/cm Pin 5 of V508, trigger to interpolation 
multivibrator T, 


Sync: +EXT, use 
SYNC OUT of Pin 5 of V501, trigger to interpolation 
Model 218A at To multivibrator T9 
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Section V Model 218A 
Table 5-2 (Cont'd) 


Table 5-2 Waveforms (Cont'd) 


Interpolation Multivibrator (Cont’d) 


218A Settings: Switch S202 to NORMAL, set T, to 0004.0 and Ty to 0006.0 


Same as 23. 


Pin 5 of T502, trigger to reset 
discriminator T, 


Pin 5 of T501, trigger to reset 
discriminator To 


Pin 3 of V504, int. TENTHS at ''0" 
multivibrator au 10" 


Pin 1 of V504 TENTHS at "0" 
at "10" 


Same as 23. 


Pin 3 of V502, int. TENTHS at ‘'0" 
multivibrator 


Pin 1 of V502 


Same as 23. 


TENTHS at "10" 


Reset Circuit 
Model 218A Settings: Switch S202 to NORMAL, set Tj to 0004.0 and Tg to 0006. 0. 


Pin 1 of V602, reset discriminator T 1 


Sweep: 1 usec/cm 


Sync: + EXT use 
SYNC OUT of 
Model 218A at To 


Pin 1 of V601, reset discriminator Ty 


Same as 27, Pin 6 of V601, trigger to blocking 


oscillator 
Pin 9 of V603, reset pulse 


Sync. Output Pulse 
Model 218A Settings: 


Switch S202 to NORMAL, set Ty to 0004.0 usec, Tg to 0006. 0 usec. 
Set pulse repetition rate to 1 kc. 


SYNC, OUT JACK 


Sweep: 1 usec/cm 


Sync: +EXT, use 
START PULSE of 
GATE CONTROL 

BINARY V206 


Selector switch at 
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Section V 
Paragraphs 5-33 to 5-38 


Table 5-2. Waveforms (Cont’d) 


Model 219A - Output Pulse 
Model 218A Settings: Same as in (29) 
Sweep: 1 usec/cm _ OUTPUT 
Syne: + EXT, use SCENE ee 
SYNC. OUT of OUTPUT 
Model 218A at To PULSE B 


Model 219B - Output Pulse 
Model 218A Settings: Same as in (29) 
Model 210B Settings: Both Outputs; AMPLITUDE: 20 VOLTS, WIDTH: 1 usec 
POLARITY: positive, OUTPUT: COM. 
31. Same as in (30) OUTPUT 

PULSE A 
OUTPUT 
PULSE B 
OUTPUT 
PULSE A 
OUTPUT 
PULSE B 


Model 219C - Output Pulse 
Model 218A Settings: Same as in (29) 


eWe <4t 


at T 


at T 


at T 


0 


2 


1 


2 


Model 219C Settings: Both Outputs: AMPLITUDE: 10 VOLTS, OUTPUT: 90 OHMS 


Same as in (30) Positive Output 


Pulse Timing 


5-33. DIODE REPLACEMENT. 


5-34. Replacement of most diodes is not critical. 
There are a few diodes that require a special check 
before replacing a damaged diode. Observe polarity 
and correct diode type when replacing a diode, as 
indicated by the silkscreening. 


5-35. There are seven diode types used inthe circuits 
of the Model 218A (excluding the rectifier diodes of 
the power supply circuits). The diodes are color 
coded and identified as indicated in figure 5-3. Diodes 
CR204 and CR205 (located in GATE BINARY STAGE 
V206) require a high back resistance. When applying 
1.5 volts reverse bias, the back resistance should 
exceed 500,000 ohms at 21°C (70°F) and not decrease 
below 75,000 ohms at 65°C (150°F). 


5-36. TUBE REPLACEMENT. 


5-37. Some of the tubes used in the Model 218A re- 
quire a circuit adjustment after replacement. Table 
5-3 lists the tube, its location, and the adjustment or 
check required after replacement. 
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Figure 5-3. Diode Identification 


5-38. Turn instrument off when replacing a tube. 
This applies in particular for tube V603 (Reset Block- 
ing Oscillator). If V603 is replaced with the instru- 
ment on, excessive plate current will be flowing due 
to the absence of a space charge at the cathode. The 
result is a burn-out of resistor R618. 


CAUTION 


Each type 6700 Magnetron Beam tube is per- 
manently mounted witha powerful magnet. Do 
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Section V 
Paragraph 5-39 to 5-47 


Model 218A 


Table 5-3. Tube Replacement List 


Input Circuit Amplifier 


Input Circuit Schmitt Trigger 
1 MC Schmitt Trigger 
1 MC Schmitt Trigger 


Tube Type Location/ Function Adjustment/ Check 


Input Sensitivity, paragraph 5-46 

Square Wave Symmetry, paragraph 5-46 
Schmitt Trigger Check, paragraph 5-49 
Schmitt Trigger Check, paragraph 5-49 


Unit Decade 
Tens Decade 
Hundreds Decade 


Thousands Decade 


Reset Block, Oscill. 


not subject the magnets to strong mechanical 
shocks or allow magnets to come together. 
This can change the field symmetry, show- 
ing up as erratic functioning. Keep your 
watch away from magnets and do not allow 
it to come in contact with magnetic materials 
such as tools, metal shields, bolts, etc. 


5-39. Certain brands of 5965 tubes do not have the 
pulse characteristics required for proper operation 
in the Model 218A and its associated plug-in units. 
When replacing a 5965 tube, check its performance 
under pulsed conditions by proceeding as follows: 


a. Remove V1001 (of Model 219A plug-in unit) or 
V907 (if Model 219A plug-in is not available). 


b. Install replacement 5965 tube whose pulse char- 
acteristics are to be determined. 


c. Measure pulse amplitude at unloaded output jack 
A (or SYNC OUT jack) with oscilloscope. 


d. Terminate output jack A with 50 ohms. 


e. 5965 tube has good pulse characteristics if 
amplitude of terminated output is 40-50% of original 
value (see step c). An amplitude of 25% or less 
indicates poor characteristics. 


9-40. PULSE TRANSFORMER REPLACEMENT. 


0-41. There are five types of pulse transformers 
used in the Model 218A instrument. Transformers 
are marked with the @ stock number and coded by a 
color dot on the bottom of the transformer. Observe 
this when replacing a pulse transformer. 


5-42. ADJUSTMENTS. 


09-43. The following section is a complete procedure 
and should be made only ifit has been definitely deter- 
mined that the Model 218A is out of adjustment. 


5-44. ADJUSTING THE POWER SUPPLIES. 


5-45. The block diagram, figure 4-18, shows the 
interdependence of the four regulated power supplies, 
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Interpol. Multivibrator T 
Interpol. Multivibrator T 


Bias Unit Decade, paragraph 5-54 


Bias Tens Decade, paragraph 5-54 
Bias Hundreds Decade, paragraph 5-54 


Bias Thousands Decade, paragraph 5-54 
Min. and Max. Delay To; paragraph 5-7 
Min. and Max. Delay Ty» paragraph 5-7 


Stop Phasing, paragraph 5-49. Turn off 
instrument when replacing V603. 


which are of the conventional series-regulated type. 
The value of the +180 and +285 volt supplies are 
permanently adjusted by precision resistors. To 
adjust the -95 and the -200 volt supplies, see figure 
d-4 and proceed as follows: 


a. Connect DC Voltmeter to CHK points for steps 
b through f. 


b. Adjust R950 to obtain -200 volts. 


c. Adjust R954 to obtain -95 volts +1% (electron 
beam must be formed in type 6700 tubes; see para- 
graph 5-14). 


d. Check Zener voltage: -7 volts reg. and -14 volts 
reg. CR210 and CR211 located on Timing Pulse cir- 
cuit board. 


e. Check Zener voltage: -15 volts reg. CR312 
located on counter circuit board. 


f. Slowly change line voltage from 103 to 127 volts. 
All regulated voltages should stay within 2 volts. 


g. Connect AC Voltmeter to CHK points for step h. 


h. Check ripple voltage. All regulated supplies 
should have less than 100 mv ripple. 


CAUTION 


Due to high de current handling capacities of 
power supplies (approximately 900 ma in the 
-200 volt supply) be extra careful while mak- 
ing adjustments in the power supplies. Short- 
ing a regulated supply will destroy all asso- 
ciated series tubes plus their corresponding 
cathode resistors. Fast-blow fuses are nec- 
essary in all rectifier circuits to provide. 
adequate protection for the rectifiers. 


5-46. ADJUSTING INPUT AND RATE GENERATOR, 


5-47. Before starting with the adjustments make sure 
tiat the power supplies are set correctly. Refer to 
figure 5-5 and proceed in the sequence as shown in 
table 5-4. 
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Model 218A Section V 
Table 5-4 and Figure 5-4 


Table 5-4. Adjusting Input/Rate Generator 


218A Settings Oscilloscope Settings Adjustments 


SYMMETRY 


Set PULSE RATE to 50 
Set START PULSE 
SELECTOR to X10 
(Pulse repetition rate 
= 500 cps) 


Swéep: 200 usec/cm Adjust R114 for symmetrical square wave 
Sync; INT. 


Probe: pin 1 of V102 


RATE 


Set START PULSE 
SELECTOR to X10 

Set PULSE RATE to 
‘*dot’’ on dial 


Adjust R112 for 1,500 cps (read counter) 


Sweep: 200 usec/cm 
Syne: +INT. 

Probe: pin 1 of V102 
Counter: pin 1 of V103 


EXT. SENSITIVITY 


Sweep: 1 ms/cm 
Sync: +INT. 
Probe: pin 1 of V102 


Set START PULSE 
SELECTOR to -EXT. 

Feed 1.5 rms at 1 kc to 
EXT. TRIG. input. 


Set R108 fully clockwise. Adjust R124 clock- 
wise from extreme counterclockwise position 
until circuit just triggers. 


Set R108 fully counterclockwise. Increase 
external 1 KC signal until circuit just trig- 
gers. Amplitude of trigger voltage no less 
than 10 volts rms. 


MANUAL TRIGGER 


Switch $202 in TEST. 
Set START PULSE 

SELECTOR to +EXT. 
No EXT. TRIG. signal 


Depress MANUAL TRIGGER button. Gated 
timing pulses seen on scope. Depress again 
to stop pulses. 


Sweep: 1 ms/cm 
syne. INT. 
Probe: pin 3 T202 


CHK + I80V CHK+285V 


T90I J9OI 


a a a <a 


2,02, 882 282 


R954 
ADJ - 200V ADJ-95V 


CHK-200V CHK-95V MP-S-1192 


Figure 5-4. Model 218A Right Side View 
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5-48. @ test equipment required: High-Frequency 
Oscilloscope, Model 150A or equivalent, and Model 
152B Dual Trace Amplifier; Electronic Counter Model 
524C/D or equivalent; Oscillator, Model 200C/D or 
equivalent, and AC Voltmeter, Model 400D or equiva- 
lent. : 


5-49. ADJUSTING PULSED CRYSTAL OSCILLATOR. 


9-50. Before making any adjustments in the pulsed 
crystal oscillator section, be sure that the trouble 
is within this section. 


5-51. It is important that adjustments are made in 
the sequence given in table 5-5. The pictures show 
the actual waveforms as they were observed while 
making the adjustments. The arrow mark points to 
the waveform obtained with the proper adjustment 
or tuning. 


9-52. To adjust the frequency (start phase) and 
amplitude of the pulsed crystal oscillator, refer to 
figures 5-5 and 5-6. 


5-53. @ test equipment required: High-Frequency 
Oscilloscope Model 150A or equivalent; Model 151A 
High Gain Amplifier; Model 152B Dual Trace Ampli- 
fier and 10:1 division AC21A High Impedance Probe. 


0-94. ADJUSTING DECADE TUBE BIAS. 


0-95. The bias voltage of the type 6700 decade tubes 
needs readjustment: 


a. If a type 6700 decade tube has been replaced. 


b. If counter section is not operating properly 
(decades do not divide by ‘‘10’’). 


Note 


Table 5-6A is to be used only if Model 218A 
is not operating. It is a rough adjustment 
and relies only on the pulsed crystal oscil- 
lator and gate section andthe counter circuit. 
Table 5-6B is a final adjustment and must be 
used only when Model 218A is operating. 


5-56. For the location of testpoints and adjustment 
controls refer to figure 5-7. 


CAUTION 


Turn off instrument before removing the 
decade plug-in drawer. 


9-57. ADJUSTING THE INTERPOLATION 
MULTIVIBRATOR. 


5-58. Having completed all previous adjustments, the 
overall time delay of the Model 218A is calibrated by 
adjusting the interpolation multivibrator. The location 
of the testpoints and adjustment controls is shown in 
figure 5-7 and figure 5-8. 


5-59. The following test equipment is required: Model 
150A High Frequency Oscilloscope and Model 524C/D 
Electronic Counter. 
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Section V 
Paragraphs 5-48 to 5-67 


5-60. The calibration is done in three steps: (see 
figure 5-9 through 5-11). 


a. Calibration of the 1 MC crystal frequency. 


b. Calibration of the expanded sweep time of 
oscilloscope. 


c. Calibration of the Interpolation Multivibrator. 


0-61. For the calibration any one of the Model 219 
series plug-in units can be used, providing they are 
set to deliver a pulse with a sharp leading or trailing 
edge occuring at T,, T, and T.. 
O77 el 2 
5-62. FRONT PANEL PERFORMANCE 
CHECK. 


5-63. This paragraph describes simple tests which 
can be performed with the instrument in its cabinet. 
These tests will establish that the instrument is op- 
erating normally (see figures 5-12, 5-13 and 5-14). 
However this performance test is not intended to check 
the specifications of the Model 218A. Paragraph5-64 
indicates how to measure the overall accuracy of the 
instrument. 


5-64. OVER-ALL ACCURACY CHECK. 


5-65. For the overall accuracy check the following 
test equipment is required: @ Model 524C/D Counter 
or equivalent, with @ Model 526B Time Interval plug- 
in unit. 


5-66. The set up for measurements is shown in 
figure 5-15. 


0-67. PROCEDURE FOR THE OVERALL 
ACCURACY CHECK, 


a. Counter should indicate the selected delay period 
of the Model 218A to: 1.5 usec +0.2 usec +0.001% of 
selected time delay. 


Note 


The error of +0.2 usec +0.001% (of time delay) 
is the maximum allowable error and accounts 
for +0.1 usec (of Model 524C/D Counter) and 
+0.1 usec +0.001% of selected time delay (of 
Model 218A Digital Delay Generator). The 
maximum allowable error for delay times be- 
low 5000 usec is +0.2 usec, for delay times 
above 5000 usec is +0.3 usec. 


b. Switch UNITS controls of T9 to each digit from 
1 to 9. Counter should indicate time delay +0.2 usec 
maximum. If error exceeds +0.2 usec see below. 


c. Repeat step 2 for TENS, HUNDREDS and THOU- 
SANDS controls of T 9. Counter reading should 
stay within +0.2 usec for time delays less than 5000 
usec and +0.3 psec for time delays of 5000 usec and 
above. 


d. If error exceeds +0.2 usec (or +0.3 usec for 
5000 usec and above) see paragraph 5-68. 
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Table 5-5. 


Adjusting Pulsed Crystal Oscillator 


Model 218A 


218A Settings Oscilloscope Settings Adjust/Check 


BRIDGE BALANCE 


Switch S202 Sweep: 2 psec/1 cm 
in TEST Sync: + EXT pin 7 
Set Pulse of V204 

repetition Probe: pin 1 of V209 
rate to 2 ke. Vert. Sens: .05 v/cm 
INPUT AC- 

coupled 


2. OSCILLATOR TUNING 


Same setting Sweep: 200 psec/cm 


as ind, Sync: + EXT pin 7 
L205 tuned for of V204 
minimum Probe: pin 5 of V209 


Vert. Sens: 2v/cm 


3. 1 MC LIMITER 


Same setting Same setting as 
ae in 1, in 2, 


4. 1 MC AMPLIFIER 


Same setting Same setting as 
as inl, in 2. 


Vert. Sens: .2 v/cm 


5-14 


Adjust C216 for mini- 
mum or zero within first 
3-4 cycles (first few 
cycles of crystal oscil- 
lation are not used). 


Turn slug of L204 ina 

few turns, Turn slowly 
cew. 1 me signal passes 
thru broad relative 
maximum, before break- 
ing into violent oscillation. 


Tune L204 for relative max- 
imum (appr. 1 turn from 
position causing violent 
oscillation). Lock L204 
adjustment. 


Tune L206 for maximum 


Tune L205 for maximum 
amplitude and with mini- 
mum stop-tail. Lock 
L205 adjustment. Retune 
L206. Lock L206 
adjustment. 


20US 


| 2MS 


G-L-142 


—™ STOP =TAIC 
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Table 5-5 (Cont'd) 


Table 5-5. Adjusting Pulsed Crystal Oscillator (Cont'd) 


218A Settings Oscilloscope Setting Adjust/Check 


5. 1MC RINGER 


Switch $202 
in TEST. 
Set pulse 
repetition 
rate to 
1000 cps 


Sweep: 200 usec/cm 
Sync: + EXT pin 7 

of V204 or TP 
Vert. Sens: .2 v/cm 
Probe: pin 7 of V201 


6. FEEDBACK ADJUST 


Set switch 
$202 to 
NORMAL, 
Set T; and 
Ty, to 10, 000 
usec. Set 
pulse repe- 
tition rate 

to 70 cps 


Sweep: 2 ms/cm 
Sync: + EXT use 
SYNC out at T 
Probe: pin 7 of $201 
Vert. Sens: 2 v/cm 


7. STOP PHASE ADJUST 


Set switch 
$202 to 
NORMAL. 
Set Tz to 60 
psec 

Tg to 70 
USeC 

Set pulse 
repetition 
rate to 
8000 cps. 


Sweep: 10 psec/cm 

Sync: + EXT Sync 
out at T; 

Probe: pin 1 of V209 


Vert. Sens: .005 v/cm 


(use high-sensitivity 
plug-in) 


8. SCHMITT TRIGGER CHECK 


Same setting 
as in 7 with 
exception of 
COUNTED 
FREQ. to 
EXT. 

100 KC, 0.4 V 
RMS to 
COUNTED 
FREQ. INPUT 
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Sweep: 2 psec X10 

Sync: EXT AC 
EXT + SYNC to 
pin 7 V204 

Probe A: pin 2, 
v201 

Probe B: Junction 
of R211 and R246 


Vert. Sens.: 05v/cm 


Retune L206, lock L206 
adjustment. Adjust C235 
for maximum amplitude 
and minimum dip. 


Adjust C213 for appr. 
25% amplitude increase 
from start to stop of 
pattern. 

Switch repetition rate 
to 5 kc, 50 cps and 
check that oscillator is 
pulsed (if necessary 
increase C213) 


Adjust R627 (Stop Phase) 
Minimum signal ampli- 
tude between modulation 
envelopes. 


Locate start of sinewave 
with oscilloscope horizontal 
position control. Place 
start of sinewave on hor- 
izontal axis with vertical 
control. Move display ten 
cycles to left with horizontal 
control, Adjust R204 until 
Square-wave down-triggering 
occurs at a point on sinewave 
3 volts below axis as shown 
in waveform, Up-triggering 
should occur at a time where 
the sinewave is 5 volts or 
more above its negative peak 
as shown in waveform. 


DOWNTRIGGER 


UPTRIGGER 


Section V Model 218A 
Table 5-6A 


Table 5-6A. Adjusting Decade Counter Bias (218A NOT operating) 


218A Settings Oscilloscope Setting Adjust/Check 


1, 1 MC TIMING PULSE CHECK 


Switch S202 Sweep: 1 usec/cm Check 1 MC timing pulses 
to TEST Syne: INT 

Short pin 6 Oscilloscope? Probe: 

of V206 to A. Pink wire at 

ground test point of 


R306 and C302 
B. Test point pin 
3 of T202 


2. UNITS/DECADE BIAS 


Same as 1 Sweep: 2 psec/cm 
Oscilloscope Probe: 
Brown wire of S301 
(UNITS) 
DC Probe: Junction of 
R304 and R306 


Adjust R304 to center of 
range where it correctly 
divides by 10 


3, 


TENS DECADE BIAS 


Same as 1 Sweep: 20 usec/cm Adjust R340 

Oscilloscope Probe: 
Black wire of 8302 
(TENS) 

DC Probe: Junction of 


R340 and R342 


Same as 2 


4, HUNDREDS DECADE BIAS 


Same as 1 Sweep: 200 psec/cm Adjust R376 

Oscilloscope Probe: 
Black wire of S303 
(HUNDREDS) 

DC Probe: Junction of 


R373 and R376 


Same as 2 


5. THOUSANDS DECADE BIAS 


Same as 1 Sweep: 2 ms/cm Adjust 415 
Pull Reset Oscilloscope Probe: 

Blocking Black wire of S304 Same as 2 
Oscillator DC Probe: Junction of 

Tube V603 R415 and R417 

(Turn off 

instrument 

before re- 


placing V603) 
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Table 5-6B 


Table 5-6B. Adjusting Decade Counter Bias (218 Operating) 


218A Setting Oscilloscope Setting Adjust/Check 


1. UNITS DECADE 


RESET OTHER THAN 


Switch S202 to Sweep: 5 usec/cm 1 1§ INCORRECT 


NORMAL Sync: SYNC OUT 
to To 


Voltmeter - 300 range 
Voltmeter to center tap R304 - alas 
Turn R304 counterclockwise re cileara f 
until waveform dip becomes : 
unstable. Record reading. “ et ce 
Turn R304 clockwise until ! oe cence 
waveform becomes unstable. 

Record reading. Take sum 

of the two and divide by 2. 
Set R304 to that voltage 
Note: Decade must be 
dividing by 10. 


Set Tj and T2 
to 0022.0 usec Probe: Brown wire 
$301 (Unit) 
Vert. Sens: 10 v/cm 
Input - DC 


SIOPES 


2, TENS DECADE 


Switch S202 to Sweep: 50 usec Adjust R340 
NORMAL Syne: SYNC OUT To 

Set Ty and To Prob2: Black wire Same as 1 
to 0222.0 usec $302 (TENS) 

Set pulse repe- | Vert. Sens: 10 v/cm 

tition rate to Input - DC 


100 cps 


3, HUNDREDS DECADE 


Switch S202 to Sweep: .5 ms/cm Adjust R376 
NORMAL Sync: SYNC OUT to T 

Set Ty and To Probe: Black wire Same as 1 
to 2222.0 usec S303 (HUNDREDS) 

Set pulse repe- | Vert Sens: 10 v/cm 

tition rate to Input - DC 


100 cps 


4, THOUSANDS DECADE 


Sweep: 2 ms/cm Adjust R415 
Sync: SYNC OUT 
to To 
Probe: Black wire 
S304 (THOUSANDS) 
Vert. Sens: 10 v/cm 


Input - DC 


Switch S202 to 
NORMAL 

Set Tj and Ty 
to 0000.0 usec 
Set pulse repe- 
tition rate to 
25 cps 


Same as 1 
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V307 


@) 


SILVER 


NORMAL BIAS SETTING V3I0 


WILL BE APPROX.-I60V 
WITH RESPECT TO GND. 


@ 


R340 
; BLACK 


ADJ 


R376 
ADJ 
BIAS 


ORANGE 
CHK BIAS 


V3I5 
@ 
b> 
w 


T, (RED DIAL) 


T502 
(VETDOT) 


TENTHS 


THOUSANDS HUNDREDS TENS UNITS 


MICROSECONDS DELAY 


Figure 5-7. Delay Unit Top View 
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Figure 5-7 


V302 


R304 
ADJ 
BIAS 


V307 (2ND) 


V302 (IST) 


C508 
ADJ HIGH 
END 1/10 
DIAL 


R512 
ADJ LOW 
END 1/10 
DIAL 


Ts (BLACK DIAL) 


TS5Ol 
(YEL. DOT) 


Ores 


MP-S-1226 


WIRES TO SWITCHES 
FOLLOW RMA COLOR 
CODE. 

COLORS CORRESPOND 
TO DIGITS. 
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Figure 5-8 


V306 A/B 


V30!1 A/B 


V308 


V305 


T301 
GREY DOT 


C353 


V307 


V302 


vso02 


VSOI 


TSOI 
YELLOW DOT 


V3Il A/B 


V303 A/B 
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Figure 5-8. Delay Unit, Bottom View 
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V309 A/B 


V314 


T302 
GREY DOT 


T303 
GREY DOT 


V3I3 


C352 


V3I0 


V3I5 


V504 


T502 
YELLOW DOT 


V503 


V304 A/B 


V3i2 A/B 
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| FOS 


Set Tj to 0001.5, switch Tg from 1000.5 pSEC 
DELAY to 10,000.5 p.SEC DELAY. (Dial setting 
0000.5) 


Set PULSE RATE to 50. 


Set START PULSE SELECTOR to Xl. 
Set switch to T; switch to SEP 


Connect Output of Pulse A to START INPUT. 
Pulse A: Amp +30V, width 1 sec 


. Connect Output of Pulse B to STOP INPUT. 
Pulse B: Amp +30V width 1 usec. 


Switch to INTERNAL. 


. Switch to SEP. 


. SET TRIGGER LEVEL VOLTS TO (2x) (+4) 
volts (START - and STOP PULSE). 


Section V 
Figure 5-9 


10. Switch to TIME INTERVAL. 
11.Set FUNCTION SELECTOR to PERIOD. 


12. Set STD. FREQ. COUNTED to 10 MC. 


CHECK: 


Crystal Frequency correct if difference between the 
two readings is 9000 +0.2 usec. 


Crystal Frequency is high, if difference between the 
two readings is low. Increase capacity of C237. 


Crystal Frequency is low, if difference between the 
two readings is high. Decrease capacity of C237. 
If Xtal frequency is changed appreciably Xtal 
bridge balance C216 will also require adjustment. 
Recheck Xtal frequency after balancing. See table 
5-5, step 1. 


Figure 5-9. Calibration of the 1 MC Crystal Frequency 
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Section V 
Figure 5-10 


db58 || 


Set T, and T9 to 100 usec. 

Set Switch S202 to NORMAL. 

Set PULSE RATE to 50. 

Set START PULSE SELECTOR TO X100. 
Switch to To: 

Connect Pulse B output to INPUT A. 

Switch to INT. 1 MC. 

Connect COUNTED FREQ. Output to INPUT B. 
Connect SYNC. OUTPUT of 218A to EXT. 


SYNC, INPUT. Set SYNC. SELECTOR of 218A 


to To: 


10.Set TRIGGER SLOPE TO +. 


Model 218A. 


11.Set SWEEP TIME to 10 usec/cm. 


12.Set EXPAND control to X50 (HORIZONTAL 
SENSITIVITY). 


Procedure: 


- Switch VERTICAL PRESENTATION control to 
INPUT B. 


- Move 1 MC pattern with HORIZONTAL POSI- 
TION control to the right, so last 1 MC pulse 
appears on the right hand side of the screen. 


- Calibrate expanded sweep with VERNIER of 
SWEEP TIME control, so adjacent 1 MC pulses 
are 5cm +0.1 cm apart. 


Figure 5-10. Calibration of Expanded Oscilloscope Sweep Time 
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Figure 5-11 


arrangement of figure 5-4 with the following alterations: 


. Set T, to 1 usec., and T, to 2.0 psec. 


2 


. Connect SYNC. OUTPUT of 218A to INPUT B and to EXT. 


SYNC of oscilloscope (SYNC on T >): 


. Switch VERTICAL PRESENTATION to ALTERNATE, 


. When using 219A or 219B: 
ater} When using 219C: 
to fi) - T9 5 


Procedure: 


Set ‘‘TENTHS” control of T, and T, to **077. 


. Align Tg pulse with graticule line (use HORIZONTAL POSI- 
TION control). 


. Align Tg pulse with R512 (ADJ. LOW END 1/10 DIAL) so 
T9 occurs 2.0 usec. after To. 
Accuracy: 2.0 usec. = 10 cm +0.1 cm. 


Switch ‘‘UNITS’’ control to Ts to 5 usec. 
Set Tog pulse on center line of graticule with HORIZONTAL 
POSITION control of oscilloscope. 


. Set ‘‘TENTHS’’ dial of To to ‘‘10’’. 
Adjust C508 (ADJ. HIGH END 1/10 DIAL) so T»9 coincides 
with vertical line of graticule (5cm to the right of center line) 


pect TENTHS’ dial of T9 to ‘‘0’’. 
Adjust R512 (ADJ. LOW END 1/10 DIAL) so T» coincides with 
center line of graticule. 


Repeat steps 5 and 6 until both settings are within 0.2 cm. 


Set To to 2.0 psec. 
Set Tj to 5.0 psec. 


DO NOT CHANGE SETTING OF HORIZONTAL POSITION CON- 
TROL OF OSCILLOSCOPE. 


Connect Output of Pulse A to INPUT A of oscilloscope. Repeat 
step 5 and 6 for pulse T, without changing the setting of the 
HORIZONTAL POSITION control of the oscilloscope. 


Adjust R526 (ADJ. LOW END 1/10 DIAL) with ‘‘TENTHS’’ 
eontrol.of/ Ty; at:“07’, 
Adjust C518 (ADJ. HIGH END 1/10 DIAL) with 
control of Ty at ‘*10’7. 


‘“‘TENT HS’’ 


Set Switch (5) for PULSE A 
Set PULSE TIMING switch 


Tp + --- SULSEC ——>| 


\ 
| 


N 
ie 


Tp 
"TENTHS" 
AT “O" 


Tp < --- 5SEC —>| 


19-7 = 5 SEC > — = 


if 
"TENTHS" 
AT “O" 


Figure 5-11. Calibration of the Interpolation Multivibrator 
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1 
“TENTHS” 


AT "10" 
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Figure 5-12 


Set both MICROSECOND DELAY dials T] 
and To to 0001.5. 


Set PULSE RATE to 100. 
Set START PULSE SELECTOR to X100. 
Set SYNC OUT selector to To. 


Connect SYNC OUTPUT of Model 218A to 
SIGNAL INPUT of 524C/D. 


Set 100 KC STANDARD to INT. 


Set MANUAL GATE switch to CLOSED. 


Model 218A 


8. Set STD. GATE TIME switch to 1. 
9. Set FUNCTION SELECTOR to FREQUENCY. 


10. Turn ON both instruments. 


CHECK - 


a) Counter should indicate 10,000 cps +10% 
nominally. 


b) Set SYNC OUTPUT switch to T, (and To) 
counter reading 10,000 cps for switch in Tj 


and To, 


Figure 5-12. Check Input Repetition Rate 
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Model 218A Section V 
Figure 5-13 


1. Use set-up as shown in Figure 5-12. 


CHECK - 
2. Set START PULSE SELECTOR to + EXT. a) 


Turn TRIGGER LEVEL control (6) fully clock- 
wise. Amplitude of trigger signal approx- 
imately 1.5 volts rms for stable operation of 
218A (check reading on counter). 


3. Connect output of Model 200C/D to EXT. 
TRIGGER Input of Model 218A. 


4. Set FREQUENCY of Model 200C/D to 1 KC. 


Monitor output of Model 200C/D with AC Volt- 
meter, Model 400D. 


Turn TRIGGER LEVELcontrol (6) fully counter- 
clockwise. Amplitude of trigger signal approx- 


imately 10 volts rms for stable operation of 
Model 218A. 


Figure 5-13. Check Input Sensitivity 
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Figure 5-14 


- 
f/ ddb85 


LOSS = 7-0)7 


1. Set MICROSECOND DELAY dial Ty to 0004.5 10. Switch to INT. 1 mc. 
usec and T, to 0006.5 psec. 


2. Set PULSE RATE to 50. 


11. Set SYNC OUTPUT selector to To: 
12. Synchronize oscilloscope on + EXT. 
3. Set START PULSE SELECTOR to X100. Sweep: 10 usec/cm 
Vert: 5V/cm 
4. Set WIDTH to 1. usec (Pulse A and B). 
13. Turn ON instrument. 
5. Switch to To: 
6. Set AMPLITUDE to 5 volts (Pulse A and B). Els 
a) Compare pattern on Oscilloscope with pattern 


7. Switch to COM. shown. 


8. Select POSITIVE Pulse A and NEGATIVE 


Diiceip: b) Check relative position of Output Pulse and 


1 mec timing pulses, as you change setting 


9. Connect Oscilloscope Probe to output Pulse CLOAM IS gt te 


| B of Model 219B plug-in unit and to INT. 1 
mc of Model 218A as shown. (Use composition 
resistor.) 


c) Timing pulses are stopped when longer delay 
period (T, or T.) has elapsed. 


Figure 5-14. Check Timing Pulses and Preset Gate 
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Figure 5-15 


Set MICROSECOND DELAY dials to 0001.5 . Connect Output of Pulse B to STOP INPUT. 
sec (T; and To). 

. Switch to SEP. 
Set PULSE RATE to 50. 

. Set TRIGGER LEVEL VOLTS to (2x) + 4 
Set START PULSE SELECTOR to X1. (Pulse A and B). 


Set WIDTH to 1 usec (Pulse A and B). Switch to TIME INTERVAL 


Switch to T>. . Set FUNCTION SELECTOR to PERIOD. 


Set AMPLITUDE to +50 volts (Pulse A and 
B). . Set STD. FREQ. COUNTED to 10 MC. 
Switch to SEP. . Turn ON both instruments. 


Switch POLARITY to + (Pulse A and B). 


Connect Output of Pulse A to START INPUT. CVS 


10. Switch to INTERNAL. See paragraph 5-64, Procedure for over-all 
Accuracy Check. 


Figure 5-15. Over-all Accuracy Check 
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Section V 
Paragraphs 5-066 to 5-78 


5-68. CAUSES FOR ERRORS GREATER THAN THE 


MAXIMUM ALLOWABLE ERROR. 


5-69. If the accuracy +0.2 wsec (or +0.3) usec for 
5000 psec and above) is not obtained, there can be 
four major causes for an error: 


a. Misadjustment of Interpolation Multivibrator 
b. 1 MC Crystal Frequency off 
c. Phase adding error 


d. Misadjustment of Schmitt trigger Bias (V202). 


0-70. Misadjustment ofthe Interpolation Multivibrator. 
A constant error of a few tenths of a microsecond for 
all time delay settings indicates a misadjustment of 
the Interpolation multivibrator. Paragraph 5-57 
indicates the correct adjustment of the Interpolation 
multivibrator. It is possible, however, to check the 
overall accuracy of the instrument by adjusting the 
TENTHS control temporarily so counter reads 1.5 
usec, +0.2 usec and proceed with steps a toc of 
paragraph 5-67. 


0-71. 1-MC Crystal Frequency off - The IMC Crystal 
Frequency is checked by comparing the reading ofthe 
counter for two delay time settings(1000.5 usec and 
10,000.5 usec). Proceed as follows: 


a. Set Delay T; to 0001.5 usec. 


b. Set Delay Ty to 1000.5 usec. Record reading of 
counter. 


c. Set Delay Ty» to 0000.5 usec. Record reading of 
counter. 


0-72. The 1-MC Crystal Frequency is correct, if the 
two readings are within specifications and the 
difference between the two readings is 9000.0 usec 
+0.3 usec. 


5-73. If the difference between the two counter read- 
ings is 9000 +0.3 sec but the absolute readings are 
high, see below: Phase Adding Error (c) or Mis- 
adjustment of Schmitt Trigger Bias (d). 


0-74. If the difference between the two counter read- 
ings is not 9000 +0.3 sec the 1-MC crystal frequency 
is off. For the adjustment of the 1-MC crystal fre- 
quency see paragraph 5-57, 


9-75. Phase Adding Error - A phasing error in the 
addition of the 1-MC ringing voltage and the 1-MC 
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Crystal controlled voltage exists when delays above 
50 wsec show a constant error of a few tenths ofa 
microsecond. Proceed as follows: 


a. Set Delay T, to 0001.5 psec. 


b. Set Delay T, to 0011.5 usec. Record error between 
dial setting and counter reading. 


(o) 


. Set Delay To to 0111.5 usec. Record error between 
dial setting and counter readings. 


Qa 


. Set Delay T9 to 1111.5 usec. Record error between 
dial setting and counter reading. 


5-76. If the errors in the two longest delaysare equal 
and exceed +0.2 sec there is a phase addition error. 
Check the adjustment of the 1 MC Ringer (compare 
waveform pattern). Check adjustment of L204. 


5-77. Misadjustment of 1 MC-Schmitt Trigger Bias 
(V202). - Errors in delay time occur if the bias 
level of the Schmitt Trigger V202 is not adjusted 
properly. Figure 5-16 shows the result of a mis- 
adjusted trigger level bias of stage V202. 


GRID CURRENT REGION 


CUT OFF REGION 
\ \ 


' 
{ i} 
START TRIGGER 


SCHMITT V202 steteiat 
AMPLIFIER V203 ta 


OUTPUT V204 — im r 


To 


FIRST TIMING PULSE 
OCCURRING AT To 


FIRST TIMING PULSE 
I[SEC AFTER To 


INCORRECT CORRECT 


LO-S-725 


Figure 5-16. Schmitt Trigger Bias Adjustment 


5-78. If the bias voltage is below cut-off when the 
l-mc sine wave starts going negative, there will be 
no timing pulse created until 1 usec after the 1-mc 
oscillation started. The error shows up when 
measuring the overall accuracy, since all delay times 
will be 1 sec too long. 
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Figure 5-17 
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Section V 
Paragraphs 5-66 to 5-78 


5-68. CAUSES FOR ERRORS GREATER THAN THE 


MAXIMUM ALLOWABLE ERROR. 


5-69. If the accuracy +0.2 usec (or +0.3) usec for 
5000 usec and above) is not obtained, there can be 
four major causes for an error: 


a. Misadjustment of Interpolation Multivibrator 
b. 1 MC Crystal Frequency off 
c. Phase adding error 


d. Misadjustment of Schmitt trigger Bias (V202). 


5-70. Misadjustment ofthe Interpolation Multivibrator. 
A constant error of a few tenths of a microsecond for 
all time delay settings indicates a misadjustment of 
the Interpolation multivibrator. Paragraph 5-57 
indicates the correct adjustment of the Interpolation 
multivibrator. It is possible, however, to check the 
overall accuracy of the instrument by adjusting the 
TENTHS control temporarily so counter reads 1.5 
usec, +0.2 usec and proceed with steps a toc of 
paragraph 5-67. 


5-71. 1-MC Crystal Frequency off - The IMC Crystal 
Frequency is checked by comparing the reading ofthe 
counter for two delay time settings(1000.5 usec and 
10,000.5 usec). Proceed as follows: 


a. Set Delay T; to 0001.5 usec. 


b. Set Delay T, to 1000.5 usec. Record reading of 
counter. 


c. Set Delay T, to 0000.5 usec. Record reading of 
counter. 


0-72. The 1-MC Crystal Frequency is correct, if the 
two readings are within specifications and the 
difference between the two readings is 9000.0 usec 
+0.3 psec. 


5-73. If the difference between the two counter read- 
ings is 9000 +0.3 sec but the absolute readings are 
high, see below: Phase Adding Error (c) or Mis- 
adjustment of Schmitt Trigger Bias (d). 


0-74. If the difference between the two counter read- 
ings is not 9000 +0.3 psec the 1-MC crystal frequency 
is off. For the adjustment of the 1-MC crystal fre- 
quency see paragraph 5-57. 


0-75. Phase Adding Error - A phasing error in the 
addition of the 1-MC ringing voltage and the 1-MC 
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Crystal controlled voltage exists when delays above 
50 usec show a constant error of a few tenths ofa 
microsecond. Proceed as follows: 


a. Set Delay T, to 0001.5 psec. 


b. Set Delay T, to 0011.5 usec. Record error between 
dial setting and counter reading. 


c. Set Delay To to 0111.5 usec. Record error between 
dial setting and counter readings. 


d. Set Delay T9 to 1111.5 usec. Record error between 
dial setting and counter reading. 


5-76. If the errors in the two longestdelaysare equal 
and exceed +0.2 usec there is a phase addition error. 
Check the adjustment of the 1 MC Ringer (compare 
waveform pattern). Check adjustment of L204. 


5-77. Misadjustment of 1 MC-Schmitt Trigger Bias 
(V202). - Errors in delay time occur if the bias 
level of the Schmitt Trigger V202 is not adjusted 
properly. Figure 5-16 shows the result of a mis- 
adjusted trigger level bias of stage V202. 


GRID CURRENT REGION 


i} 
i 
START TRIGGER jt 


SCHMITT V202 al a M j 


an 


AMPLIFIER V203 


| : 


OUTPUT V204 


FIRST TIMING PULSE 
OCCURRING AT To 


CORRECT 


FIRST TIMING PULSE 
IPSEC AFTER To 


INCORRECT 
L0-8-725 


Figure 5-16. Schmitt Trigger Bias Adjustment 


5-78. If the bias voltage is below cut-off when the 
l-mc sine wave starts going negative, there will be 
no timing pulse created until 1 usec after the 1-mc 
oscillation started. The error shows up when 
measuring the overall accuracy, since all delay times 
will be 1 sec too long. 


00095-2 


Model 218A 


ee a ae a ee ee ee 


Y 


=~ 


INPUT AMPLIFIER . 


OR RATE GENERATOR ---—-----—-—----——----— 


+ FEEDBACK 


R103 
470 


+285y S102 


RED 


#28/ VOC 


ti cio2 
8 UF 


START PULSE 
SELECTOR 


Ps 101 


Riis 
3900 


: GRN 
(1 +265V 


C107 
022\LF 


vi02 
5965 


SCHMITT 
TRIGGER 


V103 
5725 


ihe=ev, 


V101B 
5965 
DC AMPLIFIER 


EXT. PULSE 
INPUT 
c101 


J101 J103 «1 ULF 


ia see 


RED DOT 
T101 


CALIB. ADJ. 


JiO3 


ie 
$102 ‘ 


MANUAL TRIGGER 


Ri26 
1000 


R114 


1000 t 

INTERNAL 
SQUARE WAVE 
SYMMETRY 


R108 
50K 


EXT. SYNC 
SENSITIVITY 


NOTES: 
> z COPYRIGHT 1958 BY HEWLETT-PACKARD COMPANY Indicated dc voltages measured with START 
This drawing is intended for the operation Sot pa ane ged INPUT). et 
Viol V103 and maintenance of Hewlett-Packard equip- ; 
Jio2 ment and is not to be used otherwise or Absolute voltage levels may vary, relative 
reproduced without written consent of the varies (de-bias etc.) should stay closely to 
$id VAT oS 4,5 4,5 3 Hewlett-Packard Company. indicated values. 


PINK ’ 


218A - INPUT & RATE GEN'R CIRC'T - 305 


Figure 5-17. 


00095 -2 


YELLOW DOT 


a CRIO3 
CRI02 


LOCKOUT GATE 


Section V 
Figure 5-17 


y LOCKOUT GATE-----, 


To 


J102 GRN-wHT 
9 <> 75 TRIGGER 


PULSE J7O/, PIN /4 
AND $902 


T102 J102 
7 <>+/80V0C 
( REGULATED) 


ORANGE 


: J102 BLU-ORNG 


= 5 <~eSTAAT PULSE TO 
cits GATE BINARY 


R1i25 T, 
1.8M | 
aya 


° 


5 +/80V g 


J102 ORNG-WHT 
6 & > LOCKOUT 
GATE CONTROL 
VOLTAGE 


R238 
crios =? 


R129 
100K J102 wet 


2 <> -200V REC. 


REFERENCE DESIGNATORS 


THIS DWG. 
COI - 116 
CRIOI - 105 
J103 
RIOI- 130 
S101 -102 
T1O2 
VIOl -103 

UNASSIGNED: 

Cli, 13, 117-200 

RI3I-200 
DELETED: 

R128 


Input and Rate Generator Circuit 


5-29/5-30 


Model 218A ——-—-—AM etre =) 
, a Pu FIER nes | Section V 


+180 VOC ——>—>5 Figure 5-18 
( REGULATED) ORANGE 


ATED TIMING PULSES 
TO PRESET COUNTER. 


C244 
J 
OSPF 301, PINT 
V201 
6J6 
AMPLIFIER 
Kao tR271 5 
A201 100 
Osz2ol fhe 
COUNTED C201 INT {MC [eed COPYRIGHT 1958 BY HEWLETT-PACKARD COMPANY 
PREQUENCY »1 ULF O This drawing is intended for the operation 
J201 (0) om} J202 and maintenance of Hewlett-Packard equip- 
O 1 ment and is not to be used otherwise or 
EXT reproduced without written consent of the 
7 Hewlett-Packard Company. 
| 2IBA-PULSE XTAL OSC. & GATE SEC - 235A 
O J202 


<— -200 VDC 
(REGULATED) 
YELLOW 


9 <—wNC 
a et aN 
Y 
#+/8OVOC 
PE GROUND TO OPEN 
fe MAIN GATE 
a V 206 
7 1500 pci 5965 
’ -2.4V GATE CONTROL 
- V205A =, >o¢ FLIP-FLOP 
5965 —46VA77, V4 — 
CATHODE 
FOLLOWER 
R220 
56K 
5965 
1MC RINGER & ADDER 
Reet * SS 
2200 [Revs | 
————J 100K 
- | A201 
\ (INCLUDES 
| R271 ALSO) 
i -200 VOC C234 
C210 56 * | 
= Jt 47 ee eee 
roy ot tte : 
J102, PINS ihe ip 
5 R270 
M 2200 REFERENCE DESIGNATORS 
t 
Ba csroe: Pees ae $202 THIS DWG. 
FROM — meee (gee 7 C201-244 R201-275 
aly Vara Beers 1218 A- / cR20I-213 | s20l-202 
IS 1000 175¢ / DL201 T201-202 
To L + Pe s J201 -202 V20l - 210 
ov-; te Gb --- 4 L201-207 Y201 
Saal LOCKOUT GATE CONTROL VOLTAGE 
J102 PIN 6 NORMAL UNASSIGNED: 
ORANGE - WHT C245 -300 
R276 -300 


OELETED: C23I 


lsed Xtal Oscillator and Gate Section 
00095-1 
5-31/5-32 


Model 218A 


Section V 
Figure 5-2 
OUTPUT PULSE 
ie i 218A OPERATING 
SYNC OUT 
‘i T/T 
| 
| 
A CHECK 
| PLUG-IN UNIT 
, CIRCUIT 
| 
me es a eh Ac | 
GATED 1MC INTERPOLATION INTERPOLATION 
aah SIU eae eal TIMING PULSE MULTIVIBR. T, MULTIVIBR. T, 
; Ty 6700" TUBE $202 NORMAL OUTPUT OUTPUT 
| 
| 
GATED IMC RESET PULSE 
TIMING PULSE FROM 
7 $202 TEST RES. BLOCK. OSC. (PARA, 5-57) (PARA. 5-57) 
initiate 9 ee ee ee : 
| | 
RESET PULSE RESET PULSE TRIGGER T, RESET BLOCK 
INT. REP RATE | CONTINUOUS 0 : | 
pa) eae IRD ae as = Paentie ee niee PRESET GATE PRESET GATE RESET BLOCK. OSCILLATOR 
i OPERATING awe Ty T2 OSCILLATOR [-7] OUTPUT PULSE 
: | h 
| 
Lb —— —4— — ~~~ - ~~ — — — — ~~~ 1 Bene: 74 L—_—_—-}|____ =I 
| | | 
CHECK CHECK { CHECK CHECK PULSED PRESET GATE PRESET GATE | CHECK RESET } # CHECK { 
POWER SUPPLY INT. REP. RATE --— CATE BINARY, CRYSTAL OSC. Ty Tp 4 DISCRIMINATOR Fe RESET BLOCK. } 4 
(PARA. 5-44) (PARA. 5-46) LOCKOUT GATE (PARA. 5-49) OUTPUT PULSE OUTPUT PULSE CIRCUIT OSC. CIRCUIT 


- 
| 
{ 
DECADE TUBE SIGNAL AT SIGNAL AT | 
NOTES: r DIVIDING BY SUPPRESSOR SUPPRESSOR ~ 
anu BO-E - 
IF CHECK PROVES "POSITIVE, PROCEED TO THE RIGHT | 10 | | PRESET GATE if [| PRESET GATE T ie 
; _ | f | 
4 IF CHECK PROVES "NEGATIVE," PROCEED DOWNWARD Sens eee A ee 4 pees 4 Fea fet Sere 4 
ees (a | 
4 RECHECK CHECK BIAS ‘ CHECK PRESET | CHECK PRESET 4 
4 VOLTAGE a CIRCUIT 4 CIRCUIT 4 
(PARA, 5-54) TY Ty 


Figure 5-2. Troubleshooting 


00095-1 5-3 


‘ 
5 
4 
hy 
i 
in ig 1 
i 7 ; 


Model 218A 


Section V 


Figure 5-19 


LYVLS UsIM pasnsoaw seabD}/0A Op pesooipu} 
‘SALON 


, 00b-89¢'99¢—HSE 
€ve' Sze sZe'9IE *6OL' vO EOS 10E9 


92e- ze ‘Sig-Ole ‘BOE - SOE ‘ 20E9 


8V-BEI-1-"“W3HIS LINDHID YILNNOD- VEZ 
:G3N9ISSVNN SYOLVNOIS3G ‘334 ANYVdWOD GYVADVd-LLIIMIH AP 8S6L LHOIAGOD 


00095-1 


saad 
cee x 
53 ise) 
1/¢-4- V8lz z ) ! 
wh ite) 
el or SS 
: 0A 081 - 091 N33ML38 A771VWYON ' ; 5 = a ¢ s A oO oD 
DIAWNSHOS LINDYIO YSLNNOD  ‘s39n1 coz9 3dAL IN3Y34SIO YOI SIIYWA 3NIVA = © 6 os ped 
"BION ve al ! 
Vbp-V8i2 1300W Zien vOEA<S EOLA vIEA GOEA< BOLA<K BOEAK SOEAK IOEA Ss ovAc’9 oO LO 
es) 
iS lee 
+ 0001 Sb sb Sb Sb % (7 ¥ > % v nue oer aah) IOS = 
1z 12 12 12 aD eed ‘Se = S2ls 5 
ay wip 2O6L YX) Lan CleA = 6) 
SICA OISA ZOESA = 000! 38NL ONIHSLIMS WV38 SONVSNOHL Ziby \ Ly Speo 
'  dinoyiod 13s3ud sz Sz gz] Less 00L9 VTE 
= 
YSN OL Z0SU OL pana = ——( ———_-< 9 GIG A dwy 3stnd oreyd as 
S zo [ 489 | 200 008--<« 2 ara EE QHV9 401 rt 
= = 2Md (NN bee SONYShOHL hte : 
Nous 6 ; LO 
3smd \ gol 001 oon Idi ETFS ose 9 “YM-NMowe fav svi8 
01 NOt 43834 | 2954 i9bu | seco > ¥eeo s 
Sheu pov" [tsi Sa eee v NIA, e 
snr TD P 400! 
6Sb 
LITOIA 49¢9 Soo) eam Ep 
ge 8 HOOIS AOOIS NOOIS NOOIS HOOIS HOO! eG a 
logr OLPYS G2bUr BZbYS LevYS BZvuS Se2by ; Fy 
L 
9008, ee ee ee ee ee ee (3 || Fo 
aaa es ees es ea CS et Ee s 
a SS es Ss Ss a ee ee YNId aN GOT rH a 
5 Phalte) 0 400 
Zved 6027 eOeL sicd 
AIS—D JOA CoH onvao G 
z © g 2 8 OF 7) ey) oh 4} 0022 HTISZ toer A0BL + 
see ooss| ooge! Loose Sorel Jones] doors) Soces| Loose! Joors’ J a 6zey 807 i 
Iybd] SOvby| Secby] secby] Sicbyl] soem] Sseby] gpevy by] 20 Hee — 455 
3ENL ONIHOLIMS WV38 SLINA 
0029 
cOEA NOs: ey dwy 3S7nd 
Ao0z- 8Ha9 
MOTTIA 
Sah Pt 30v930 SIN VIOZA 
NOE dno’ LHM -NYE ‘rav svig = 
dWV ONILYSANI eze0 ae 
8Hd9 
\ < G@lOoca 
HOOIS AOOIS NOOIS HOOIS NOOIS NOOIS HOO! 
a OzeY> GIEYS BiIgEUS LIcUS SIGUS sicUS vicY 
/ 2 AS6- 
= 22 6 ez vz oh 
To} “abd a 
oeeu sem ea es yas 
W22 seeus zico] 2eey 
iecu = 
€ s a 8 Oo 
AT kth SLIHM, ooee}| [ooee} fooee} [ooee} [ooee 
8 vig Seeeeeee oeeu] Sezeu] Sezeu] Szzeu] Sozeu 
‘N 
j ten 2 ) (8) i) a} {r) ia {o] LF701A G Nid - 109° 
f ; SI (SuiINn - JL 3S7Nd) WO? M-yug 250 ININIOTA 
NX set (Suna =! 383 2) OF OF OF OF OF OF OF OF OHO seu at a Ne 
| LAv130__SGNOD3SONDIN! CE 
ave-4° : ee sen = 0 eecu < ‘ 
: ALd LHM— NMOSE g@l0es oy 
lL asqnd NS Aap SER i OF © ©O2 OC] CGH CH © CC Co S 9 9 
2966S Aeou mI Je] [2] a) le) ie) ie) Je) ey (fe ee) Goa PT 
GvOSA 2 69eu Wane, (SuINA~ 21 asInd ) bk 3S7Nd OL 3S7Nd %— VIG Y3NNI YOLVSIONI 
rs [Av730 SONOD3SOUSIN} O @1 3sind OL 3S7Nd %— WIG y3LNO 
ee a er is $3903 ONIOV37 N33M139 FLIHM 
24 38nd 92e9 WES AV130 SQNOD3SONSIN i aed 
£966 / a aete 
(22-6 914) SILVIO LISHd OL E Nid ‘“ZOZL 02-6 ‘9/4 WOMS7 
GLOEAa Elgz 1oen $3SMd ININIL OFLV9 
sina SOf-vOe YO $0¢— loss AR AT 
PayDo!pul 0} Ajasojo Ad}s pynoys (94a soiq-9p) *0313730 Ghee ee i 
SAN|DA aAlyojas “AJOA AoW sjara| a604/0A aynjosqy 00S-€9b ‘69¢ ‘896 'Sbb 1o¢er J 
“SIb‘Ilb Olb BzZE ‘Ze IbE*SOS10Ey 60¢-10¢Sa 
( LAANI “LX3 40 JoubIs 4966144 £0e7 zig- 906 49 
OU) uoljisod (—) snulw Ul YO1D3T3S 3SqNd 00S -¢1EYUd 49¢ ‘ESE-bbe ‘ 2pe-62E 


Model 218A 


Section V 


Figure 5-19 


! GlOea 
4 eS . 
is ve AS6- 
= 
HOI Abe— 
gee w2i ror] Mlb 
WLz geeus zico] eee 
Lge = 


24/€-3-V8l2 


90A 081-091 N33ML38 AVIVWYON = 


SILVWWSHOS LINDYIO YSLNNOD —§ ‘s3ent ooz9 3dAd LN3YSISIG YO SFIMWA 3NIWA = o 


6 6 6 6 ae € S € ¢ 
Nv wa e 
= ‘3.LON 
ae 
Sb op Gb Sb v v v v v 7 


ir 0001 7 BLV9 666 
12 12 \2 1g Te) E Gels 
= Z1gd9 4 1 ' CA = 
y 8 Phall 
A SIEA< OISA Etocn 38NL ONIHOLIMS Wv3a SaNvsNoHL Lapie is" apr Et 
Linowid 1383Md sz Sz, Leases 0029 : 
YEN OL 20Su OL Sat Tae ais te oreud 
poatao fs SIE A woe kay asthe 
4 | uo T 489 | 900 008-—< 2 9HV9 
> = 4Mid 1097 | ised MOvITA gavo30 
SONVSNOHL 
gsm | 6 WMOwe 5 . 
NOI WO! -a3s38 oe icant logr Ato" Ocean aaeee fav svie 
Spey bop [Mae eee els a Mj see reed Rah 
amas LD 
ALI7OIA 49¢9 0016 
As6-————<. 9 
ey 4001S HOOIS HOOIS NOOIS HooIs yoolg '24 
62bUS BZbNS LebYS 9zbU> GzbUue bebud ceby 
2aeu 
oz 9 zz 6 ez +z vi 9z IS 


HOO! 
60¢7 


A 
20A 081 ‘oayao =O! 


HTIGZ loer AOB1 + 
807 


z & or 2) ta ol 


ooee} Looee OoEee] LOOes] | OOEe} [OOEe 
bebe] SOvby 9Eby) eu bevy oY 


(SQNVSNOHL - 11 3S7Nd ) 
bop ht a iy Nh Roe Oh Wa ta | 
[Av130_ sanod3sou2in} O 


400} JLIHM=MO’ 
bobu ld TIIA 8voes 


A G824 


90¢Sd 20¢sa 
eee a Zs YOLVOIONI Biv) 66 
(AVIEE ESGNOD3S0N9IN');O) s22s 
V boss 
21 3s1nd 80EA 
£96G Adg- 
JIVLIOA TOHXLNOD FLV9 ININ—ALININ OFIYONNH ININ —~ 
VIIZA 38NL ONIHOLIMS WV38 SO3YGNNH = 
0O0L9 
OIE A wos WLb dWY 3S71Md Seiad 
9leu suey 8Ha9 
Ad02- 7 
AS6— MOTIZA y A 002- 3av030 V60E A eel 
dWV ONILYBANI md 12H Toa tT ananaowe| — ScaBaNn = 471890" 
8HE9 way Bred loo rp 

G60LA yoo! 

ji 2 Ase] 60EN9 ¥ scoy 
= HOS HOOIS AOOIS HOOIS HOOIS YOOIS HOOIS OO! 
ZEUS I6EYS OBEYS EBCUS BBeUS LEYS BCH SEBcY 
42 6 [er4 9 2 6 ez vz vl 


@ cis 


ooge 
96Eu 


ai 


oo¢ee 


pellet oot = 
[Av730_ SaNod3SOu9IN} © 


4HM - FONVHO 


gor sa 60€S0 
HOLVOION! 31V9 6 


JFINVYO 


(SQ3YONNH -2L 3S7Nd ) 
psp feel yeaa a eee 


,AV130_ SONOD3SONDIW! '@ 


38NL ONIHOLIMS Wv3e SN3L JIVLIOA TOHLNOD FLV9 ININ-ALININ > A‘S = 
ool9 2/€42 lv 
LOEA 40S Mey dWV asind = 49/- 08 
Obey 6eeu 8Ha9 yO 
MOTIIA v A00e— v9o¢e A ol 
dWV ONILY3ANI em ao aera a he ED er pee 


6I€9 


Wes olgd 


8Ha9 
G90EA 


4001 
oe 
roe As 


WOOL 
9cey 


Avgo- 


wzl ¢@ Sit x00} 
Ozey Se2eo}] 49EH 


4jmio’ ~—-HM1001 
gigd sot 


10d AFD 


lo 1 


I0A0BI + 


Ooee) loose oo¢ee 
S9EY O9¢y 


(SN3L- tL 3S7Nd) 
a = 
1AV730 _ SGNOD3SON9IN} O 


4LHM = 034 g@20¢es 


tL 397Nd 
£96G soesa zogsa 
VvOLA ayy _ (SN3L~ 21 3S1Nd ) YOLVOIONI 


el 4aS1Nd 
£96S 


JIVLIOA TOHLNOD FLV9 ININ —> ASe+ 
B3anNtL ONIHOLIMS WV38 SLINN 


0029 
cOEA 3108 pe dWY 3S1nd 
vOcY y 
4008S MOTTIA v A002 8Ha9 
t ) 3qvo30 SLINN VIOEA 
ISMd 1LFISIY WHOWE anioe ‘ray svia = 
dWV ONILY3ANI e220 


78 


WOOIS XOOIS NOOIS NOOIS NOOIS HOOIS HOO! 
OZeY> GIENYS BICHS LIEYS JIEUS GIcUYS vic 
22 6 e2 v2 bi 
€ ) a 8 oO gt 
A96~- AOOIF BLM ooge} Looge} looge} [ooee}] |oore ooee 
@ AL Ogeu] S6zeu] Sezeu] Sizcu] Sozcu' b2eu 
‘ 


HIISZ 
1oe7 


00be 
zoey 


fi awe ALF701A earl wee es 
: ‘ SI (suiInn - IL 3S7Nd) SI (9) 10eo > oe $ Nid ~ 1090 
, ioe Dero te Soe ®, 1®, iO, 19, HO, MO, WO. O, @. Ke 
- i A) 
' LAvIaG_ SGNODaSOYSIN, C 401 3nzo" oer 
soe}? , Lb LHM— WMOUE gl0es = gd oe BORO 
aris ® ce. 8984 io Oz (© OF OH OP ©-! © CHO = } 
1 ceed a sy pet ie) (el OE a Ha a a vorsa ——-soesa SuiHM 
4 6924 wmovg = (SLINN~ @1 3S7Nd ) 11 3S7Nd OL 3S1Nd %— WIG YANNI YOLVOIONI 
8vOLa o Tyviad Sanodas0usIN! © 2, asind OL 381d %— Wid YaLNO 
. Gh Bier at es V TOES. $3903 ONIGV3) N33M136 FLINM 
21 3S1Nd 9229 AV130 SONOD3SONDIW i een 
£96G ) / 
(22-b 914) SILVO LISI OL € Nid ‘2O02L O2-% "914 WON 7 
GeOeAa EISz len SISMd ONIN, OFLV9 
SOf~bvOe YD bO¢ - 10¢ VAN 
San|DA :0313730 Boh zoee H 
Payooipul 04 Ajasojo Ao4s pjnoys (94a Sojq-9p) 60£-10¢7 \ 
eli a I ll el ele rp 'lipols Puktaee Toe soe (ee sor-108sa >» 
(LAAN! ‘LX3 40 Joubls 16664) sof) ; 21€- 908 4D 
Ou) uoljisod (~) snuiW Ui) YOLOIIIS 3S Wd 00S ~ €1gy¥o L9E ESE—bbEe  2he-62E 


0O0b-89£'99E —bSE -zIe ‘Sig-Ol¢ ‘BOE - ‘ 
“eve aze'zze'gaig 60S bOL' EOE 109 ELI SS ach B8V-BEl-1-"W3HOS LINDYID Y3LNNOD- Vee 


‘S3.LON’ :G3NSISSVNN SYOLVNOIS3G “43Y ANWdWOD GYVADVd"LLaIM|H AW BSS LHOWAGOD 


LYVLS UsIM paunsoaw $e604/0A op payooipu| 


t 


ircui 


Counter C 


Figure 5-19. 


5-33 /5-34 


00095-1 


Model 218A 
Section V 


Figure 5-20 


a t 


7 —_ — 


(is ESET = 
y ¥ se 


J301 
+180 VOC —> 10 
( REGULATED) 
y J301 
16>—> /p 
TRIGGER 
PIN 16, J7OI 
330! wHiTe 
GATED TIMING PULSES? | EFERENCE DESIGNATORS 
PIN JO! THIS DWG. 
c50!—518 
CR501-514 
J301 
L501-504 
PRESET GATE R5O1-S32 


T501-502 
V501-504 


OPERATING SIGNAL 
FROM V3Z0O3 @ Vill 


UNASSIGNED : 
C509, 519-600 
R533-600 


DELETED: 
R525 


= 
7 = 
/ = sa 
P y / _—_——~ 
vy \ 
Y Y 
15 Pam 7; 
TRIGGER 
pee! PIN 15, J701 
NOTES: 


Jicated dc voltages measured with 
ART PULSE SELECTOR in minus 
position (no trigger signal at EXT 
PUT ) 


olute voltage levels may vary, rela- 
values (dc-bias etc.) should stay 
ely to indicated values 


BY HEWLETT-PACKARD COMPANY 


is intended for the operation 
ance of Hewlett-Packard equip- 
not to be used otherwise or 
ithout written consent of the 
4.5prd Company. 


4 
IRCUIT — T235 
V50l vs02 V503 
4,5 3 9 


PRESET GATE OPERATING 
SIGNAL FROM V304 & V312 


J301_ BROWN 4 9 


6.3 VAC 4 
i 

12 

aS 


Figure 5-20. Preset Circuit 


00095-1 5-35 /5-36 


Model 218A Section V 


Figure 5-20 


poo = == PULSE Ty, SECTION —------------------~---. 


, See daa I ren ee ee corn Foe mm Came UNTERPOLATION “DELAY (MULTIVIBRATOR ——-- --——-—~ 


\ 
“oY y 
J301 
+180 VOC —> 10 ORANGE: 
clang ala cs501 C504 $R509 
Ts | UF T50l * 
‘ CR502| yeczow vor R531 wCR503 
= 270 
- J301 pee J301 
a} | &40) ‘i 
3 T> TO RESET ADu. 16 >—> Ie 
5 GREY panera |, HIGH END C508 GREY - WHITE TRIGGER 
Ao DIAL @ 7-45 PIN 16, J7O/ 
c502 
} +180V 15 
fd aa t 
R501 IGNATOR 
9301 ware 560 V502 ‘ie ie pesieh TORS 
GATED TIMING PULSES \ ; 5965 : 
PINT J301 ~15V 
c501—518 
CR501-514 
J301 
L501-504 
= R5IIA (FRONT) 12K R501-532 
PRESET GATE 100K (@Lack) T501-502 


OPERATING SIGNAL 
FROM V303 & V3il 


V501-504 


R5i2 


50K UNASSIGNED: 
C506 ADJ. LOW END OF C509, 519-600 
Ata ls BLACK 4, DIAL R533-600 
DELETED: 
-200VDC R525 
(REGULATED) 
YELLOW 
powcr prct ttt str PULSE Ty SECTION— --- -- ------—----~------.. 
\ 
f o-- TTTPRESET = GATE@———————=- --——————— INTERPOLATION DELAY MULTIVIBRATOR —-———-~ \ 
° y y Vasey: A 
+180VOC 
T502 * 
e538 YELLOW DoT nee CR5I0 
7 
(soa || ex z J301 coe ae 
z 2 <—-> 7, 70 RESET 5 15 => 7, 
i 5 BLUE u HIGH END ¢518 BLUE -WHITE 30, THEGER 
10 DIAL @ *~45 | PIN 15, J701 
C510 NOTES: 
[aa 15 Indicated dc voltages measured with 
mil GOW. START PULSE SELECTOR in minus 
(—) position (no trigger signal at EXT 
(Tr) pole INPUT ) 
| 
a. came Ua GORAGRESET CATES OPEN V504 Absolute voltage levels may vary, rela- 
tive values (dce-bias etc.) should stay 
ed te R522 5965 closely to indicated values 
map “Ft CR513 
crR508 4x 10 560 
He 
1 
ae csil COPYRIGHT 1958) BY HEWLETT-PACKARD COMPANY 
V503 = Toos ur R527 
5725 = R511 (REAR) 12K This drawing is intended for the operation 
rath = To 100K (pep) and eticteabnte of Hewlett-Packard equip- 
PRESET GATE ei oh des ' - PRESET GATE OPEN 7 ment and is not to be used otherwise or 
SIGNAL FROM V304 & V3I2 O reproduced without written consent of the 
; GRN/ WHT R526 Hewlett-Packard Company. 
J301 gROWN 4 9 4 45 —_—_—_—_——— “1 MF C514 @ 50K 218A - PRESET CIRCUIT - T235 
specie sd " y, J501 02 UF ADJ. LOW END 
ES 5 V501 >Vv502 SVv503 >v504 ¢ . OF RED 4, DIAL 
-200VaC 
12 (REGULATED) 
4,5 3 2 YELLOW 
13 : 


Figure 5-20. Preset Circuit 
00095-1 5-35/5-36 


4 


Model 218A 


Section V 
Figure 5-21 
RED J601 
t2B5 VDC (REG)—> & iad 
ipa 2U SEC 
200V (APPROX.) 
ai Aes 
601 BROWN 
7 €<—PFESET PULSE TO COUNTERS 
J301, PIN 9 
-—20qJ601 BROWN - WHITE 


UP AT END OF 
RESET PULSE 54 —— 


(CUT-OFF) 


NORMALLY UP 


5 <— FROM RELAXATION OSCILLATOR 
J301, PIN 14 


RESET PULSE 
+50 


J pu CHASSIS GROUND 


D OF RESET PULSE 


NORMALLY UP 


UT -OFF) 
DOWN ON—> 
SETTING | DOWN ON —> 
OF BLACK. Te BETTING OF | 
KNOBS RED KNOBS | 
C601 a 
T2 ie 390 2 [| 601 BLUE 
FROM J301, PINS 9 <—/7/ /NPUT FROM 
GREY J 301, PIN 2 
Cé6éI5 
J60! | -CR606 
-200 VOC (REG.)——> 4 
YELLOW 
J60I oe 
6. 3 VAC meen 8 3 
V601 V NED: DELETED: 
616 —700 C602, 605,610, 6Il 
4,606-700 CR605 
9 9 621,628, R625,634 
= 641-700 


00095-1 


Figure 5-21. Reset Circuit 
5-37/5-38 


2erees 


a lc le EY 


Model 218A 


Section V 
Figure 5-21 
gag aM, ark +285V0C (REGULATED) 
+285 VDC (REG)—> © —| -F- 2u Sec 
| | 200V (APPROX.) 
/ ae 
R627 R629 \ J601 
250K 100K * nus % fl cigs 
7 <—RAESET PULSE TO COUNTERS 
STOP 1 J3Z01, PIN 9 
PHASING @ |> 
Cél3 
— 002 UF 
RESET BLOCKING 
— OSCILLATOR J601 BROWN - WHITE 
200 VOC (REGULATED) a 5 <— FROM RELAXATION OSCILLATOR 
RESET PULSE TRIGGERS [END _OF R633 * J3Z01, PIN 14 
+50 fi cai ae RESET NORMALLY DOWN — — ~~ 47 
PULSE TRIGGERS RESET ONLY 
WHEN PLATES 6 OF BOTH P)CREO6 
g V60l & V602 ARE CUT-OFF J601 CHASSIS GROUND 
2 
UP AT END OF =e 
RESET PULSE i = = 
AT END OF RESET PULSE | 
NORMALLY UP pa 
——— hoes ~~ NORMALLY uP 
(CUT-OFF ) 
R6I6 | 
DOWN ON—> 180K DOWN ON 
SETTING | SETTING OF | 
OF BLACK 1p RED KNOBS 
KNOBS 


T 
C606 | : 
390 J601 BLUE 


T2 INPUT (ee 9 S— 7/ /VPUT FROM 
FROM J301, PINZ J3Z01, PIN 2 
GREY 
REFERENCE 
T2 RESET T1_ RESET DESIENATORS 
DISCRIMINATOR DISCRIMINATOR THIS DWG. 
R607 R615 
136.7K 140K 
R604 R612 C6Ol - C6I5 
22k CR6O! -CR606 

601 -200VDC (REGULATED) rhe 

-200 VDC (REG) ——> 4 R6OI - R636 
YELLOW T6OI 

V60I-V603 

J601 4,5 45 8 NOTES COPYRIGHT 1958 BY HEWLETT-PACKARD COMPANY 
6.3VAC RED REE aE LECHOR AG Rane Sy oauiitoa in ea drawing is pernesiel the operation UNASSIGNED: DELETED: 
Vvé6ot v602  &V603 trigger signal at EXT INPUT ) Boe pectinin Teor orn ew ei Toner PAE C607, 616 -700 C602, 605,610, 6II 
ment and is not to be used otherwise or CR604, 606-700 CR6EO5 ae tite 
Absolute voltage levels may vary, relative values reproduced without written consent of the R620 621 628 R625.634 
(de-bias etc.) should siay closely to indicated Hewlett-Packard Company. r 641-700 3 

7 values. 218A-RESET CIRC'T- T204A . 


Figure 5-21. Reset Circuit 
00095-1 ; 5-37/5-38 


Model 218A 


Section V 
Figure 5-22 


2SE2L-Sd-veIZ 
*kupdwoy} pidy204-149) oH) 
OY) JO JUSSUOD U@{IM JNOYIIM Peonposdes 
JO @SIMJOYIO PSN eg Of JOU Ss} PUD jueW 
-dINbe psoyxd0g-44@;Me}H JO SQUDUe\UIOW PUD 
uolpsedo eyy s0oy pepuesu; s} Burmoip siyy 


ANVdWOD GaVADVd-LLJIMSH AG 8S6L LHOIWAdDOS 


Lye 
ee 
Z96yH 106Sd 
(934) DOA 002-~P pas 
iA Oa ae ¢ s‘b ¢ a 
| z06r | NGO 
vIGA< EIGAS LIGA | 
| ¥S9-Velz 
| HOLVINDAY AlddNS YIMOd ‘ : oe 
| Q0A00Z- 0A S6- ae 
| 5 aS 7 S‘b S‘b - 
1o6r | LHM 
bOBAS SOBA E06A< Z06A<, 106A : 
€ £ JIOINVHO 
a | 
| 4001 g 4N08. 
| 206Y $ 2069 
| 
hails | 
Aer | £069 
AnosL— | 4001S 4NoOs 
Ol6D Ty | \O6Y< 1060 
| 
(994) * | 
0A GB2+ S GE oy 
O34 ie acta Sli 
HO?! | 
OGY | 
OOStb 
lsoey 
| 
| 
| 
8 
[ Vvadl Vvgcl Vvdcl lo6r | 
———-----— GO6A- — — Z06A— — — 106A — — — —— 4 
DOA OOF + 
FLIHM -OFa 


2 1061 WOU 
IVA £°9 


<—G) 206L WOU 


QVAED 


(2GN08/+ OL) 


= 29 2061 WONS 


IVAE’9 


“SUVLIO YO INIMVYO 


+ 


+ 106 
yo 


ISNJ MOTE MOTS 
ISN LON 0a 


YO - 044 
Ce) 


INIONIM LNINV T/A FIS 


VW Ov9 
IVAOIE 


= 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


1061 
(241-016) 


> j=) 
a 
2s Te) 
aA 
ete 
e ite) 
Oy 
nN 
N 
i] 
Te) 
o 
z, 
-_= 
cm 
Ze6y ‘916Y 
:0313730 
6660 — 6169 
:Q3NSISSVNN 
ae 
(INO 
AOQE€z2) 
10614 


00095-1 


FLIMM-OF4 


>Nn » “2 
o > OGE21L-Sd-veIZ A. be i 
ow *Aupdwo> psoy204-10) Mey =} a 
3 ey jo quesuoD UO ym INOW Peonpoides a = 
5) hed 40 @SIMIOYIO PesN eg Of Jou s} puD juew ad 
® ~dinbe psoyr0qg-110; Mey jo e2uOUejU;OW puo 7 Si 
WD Bp Uo!jDIedO ey) 40) pepueju! 5; Bumoip sy) o 
fx, ANVdWOD GYVNDVd-LLJTMIH AG BS6L LHOIAGOD 6 
Ay 
= N 
v9 1061 WOY4 “NI 
IVA £°9 J 
ee af 
z96Y 106Sd @ 
(934) IOA 002- MOTIGA — 2) 
ome aee/eee eee eee ome wee eee eee ae ae Se a ee ee ee ee ee ee orm 
7 ¢ s‘b » wl fy 
g <5) Z06L WOHd 
td bank OVAL 9 
Ze6y ‘916Y 
| ¥S9-veiz vIGAS EIGAS LIGA : ‘0313730 
666) — 6169 
YOLVINSSY AlddNS Y3IMOd { 2 ?Q3N9ISSVNN 
| 9GA00Z- d0A c6e- s‘p 6 ° ne9-we 
| ¢ ¢ ¢ (ONN0Y9 OL) 
8 rE} <9 /06L WO¥F vI6A 
| | (es IVAEg9 — ‘Kuo DVAOES 405 S061 
| pesn 206 @ IO6LY 2066 
OIGAY 6O6AK 806A | “pajou es)msayjo ssojun pert 
| | swWyOo ul eouUDjsISes ‘yd ul Ajio0d05 
| | S@N|DA PajDdIPUl OF ¢eo6r OL 
| | Ajasoj2 AO4s pjnoys (‘238 SOIG-op) SanjDA ¢064 OL 
@AlyDjas ‘AsDA AOW sjane| aH04j0A aynjosqy BIGYD OL 
= ( LNdNI ‘LX3 40 JoUB!s 4866144 ou) 8169 OL 
| I0A002 coer OTIZA uolsisod (~)snuiW ul yOLO373S 381d 
| W 2") | LYVLS YsIM pasnsoaw saboj/0n 9p peyooipu| 
| AYOLOWS SHL 
| 6S6UY E WVYOVIG SIHL NO 
l Jv G2LSNPdY BNA WIINLIATA=*  coineicag aoNauasae 
| 408} l ‘S3LON 
= | ASb6E- GSG6Y | 
atos Lt | 20A 002- | 
S169 T_ “raV : 
| | STIVLIO 404 INIMVEO 
(994) JOA $6 - v 5) QINIONIM LNIWY 4d IIS 
LITOIA | 
| IA 002 - 
| | 
| | YO - Nid 
| | det- det 
916 
l ee + HEOT, 5 
| | 
Si6 
| ie) 
| erat 
= | 
¥o Field 9 Z206P | wes Ags VW O26 
$ | IVAOS2 
Gl#9 xOLYINOIY | | : 
| | 16 
| : 
| : v2 
| e064 (121-016) 
| DOA OSIF z ISN4 MOTE MOTS ¢ 
: Vvdel Veal VvaZl ZO6P | eT a fal 
: O16A 606A 806A | 
CED podie oe DOA Se24 ee 
WIA Si ene 
antoe [- 
(994) +I6IT, 
IOAN O81 + ee et ee 
SR UHD! NV = ye ae OE Sa a se, ES ae a ee Rl a Se gl ae ee ae Ss, HM ; 
= Ad ) 
1s9-V8le 1 <———— | 
Es YOLVINDSY AlddNS UY3MOd | 
OGAS8z+  OGAOBI+ : Nf | 2/8/0612 | 
$|<— LINN 
(inaino aNas] > : Ni-9nTd | 
LHM 
eo6r ) po | l 
NI INAS : = ve u 
{--— 
o6e lo6r | / Ter) 9028 £964 et ie 2 
6069 : / x O e re TD | | YOLVYBIALLINW 
/ [inaino ONAS ttf NOLLY 70dHFLN/ 
Wes vi 
ers goes 20 " ot __ ayy sn0x007 
(se G(s a 
eS ee ee a = ° 
(ONNOX#I OL) 
€ ayy *— 78 1061 WOus 
; 1o6r | OVAE'S 
6 € ¢ S‘b S‘b S‘b S‘b : ae SS be a 
== 4 
lo6r LHM WAE’S 
LOBAS 90BAK< BOBAK< SOBAK E06A< Z06AK< 106A : 
ae sp b , € ¢ € € > = 
FONVHO = 
l aly 
=. | | 
“STIVLIO YOI INIMYYO | 
| HOOlS SNOB.L™ = IM/ONIM LNIWV T/A 33S 
| 2064 $ 20607 + 
| YO - 034 
ena | (19) ! 
£069 
| 806 | 
a yO 
o169 | 4001 ¢ snoet- | 
+ | lO6YS 106974 ,o6 
| te) 
: | 
(934) VW O%9 | 
IGA OOF + 
ION G82+ Ss IVAOIE 
DOA OBI+ | 
CELy lO6f | 906 l 
| | Ne) 
4022 | 
| bO6Y Lakes S06 | 
: leoey nde 
| 
. a) | 
| ne 
< | 3SN4 MOTE MOTS : (82h-016) 10614 
>) | att 8 3SN LON 00 
os [ Vrdcl Veddl Vevdcl Vvdcl lO6r | 
ite —————-—-— — S06A--— — — ——-- G06A- — — Z06A— — — 1O6A— — — —— a 
o 
3 I0N OOF + 


Sa 
4 
ite) 
fer) 
S 
i=) 
© 


Model 218A Section V 


Figure 5-23 


T902 Al 


1) 
2.4A 
2) 
ad 
es 
3.0A -) 
@ 


OSCILLATOR 


GATE 


! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
ob 


COPYRIGHT 1958 BY 


This drawing is i 
and maintenance 


Hewlett-Packard 
218A-FIL. WINDING - 


IT 
DURATION UNIT 


Indicated dc voltag 
PULSE SELECTOR 
trigger signal at E 


Absolute voltage le 
values (dc-bias etc 
indicated values. 


ament Winding Detail, Schematic Diagram 


00095-1 5-41/5-42 


Model 218A Section V 
Figure 5-23 


DS 901 i 6 


POWER SUPPLY 


fat V 
TO DS9OI 


ORANGE ei +/8OV 


V903, PIN 3 


POWER SUPPLY 


6.35VAC 


a DELAY UNIT 


RESET CIRCUIT 


oe 65A-65D 
1.5 AMPS 


U 
COPYRIGHT 1958 BY HEWLETT-PACKARD COMPANY = ———— J) A 


This drawing is intended for the operation 
and maintenance of Hewlett-Packard equip- 
ment and is not to be used otherwise or 
reproduced without written consent of the 
Hewlett-Packard Company. 
218A-FIL. WINDING - TI38A 


20 633] 60] 64 [easel as [eu 
ae [eso] e.6 [ecele.se| 6 fu 


DUAL jae UNIT 


BLUE DIGITAL PULSE DURATION UNIT 
4.8 AMPS 


NOTES: 
Indicated dc voltages measured with START 


PULSE SELECTOR in minus (-) position (no 
trigger signal at EXT INPUT ). 


Absolute voltage levels may vary, relative 
values (dc-bias etc.) should stay clesely to 
indicated values. 


\ see TABLE) zu 
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Figure 5-23. Filament Winding Detail, Schematic Diagram 
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SECTION VI 
REPLACEABLE PARTS 


6-1. INTRODUCTION. 


6-2. This section contains information for ordering 
replacement parts. Table 6-1 lists parts in alpha- 
numerical order of their reference designators and 
indicates the description and @ stock number of each 
part, together with any applicable notes. Table 6-2 
lists parts in alpha-numerical order of their @ stock 
numbers and provides the following information on 
each part: 


a. Description of the part (see list of abbreviations 
below). 


b. Typical manufacturer of the part in a five-digit 
code; see list of manufacturers in appendix. 


c. Manufacturer’s stock number. 

d. Total quantity used in the instrument (TQ column). 

e. Recommended spare part quantity for complete 
maintenance during one year of isolated service 


(RS column). 


6-3. Miscellaneous parts not indexed intable 6-1 are 
listed at the end of table 6-2. 


6-4. ORDERING INFORMATION. 


6-5. To order a replacement part, address order or 
inquiry either to your authorized Hewlett-Packard 
sales representative or to 


CUSTOMER SERVICE 
Hewlett-Packard Company 
395 Page Mill Road 
Palo Alto, California 

or, in Western Europe, to 


Hewlett-Packard S.A. 
54-54bis Route des Acacias 
Geneva, Switzerland 
6-6. Specify the following information for each part: 
a. Model and complete serial number of instrument. 
b. Hewlett-Packard stock number. 
c. Circuit reference designator. 
d. Description. 
6-7. To order a part not listed intables 6-1 and 6-2, 


give a complete description of the part andinclude its 
function and location. 


REFERENCE DESIGNATORS 


A = assembly F = fuse Pp = plug Vv = vacuum tube, neon 
B = motor FL = filter Q = transistor bulb, photocell, etc. 
Cc = capacitor J = jack R = resistor Ms = cee 
CR_ = diode K = relay ie : = socke 
DL = delay line L = inductor a 5 canbe XF = fuseholder 
DS = device signaling (lamp) M - = meter Bert XDS = lampholder 
E = misc electronic part MP = mechanical part T = transformer Z = network 
ABBREVIATIONS 
A = amperes F = farads NC = normally closed S-B = slow-blow 
BP = bandpass FXD = fixed NE = neon SE = selenium 
BWO = backward wave ; NO = normally open SECT= section(s) 
oscillator GE = germanium NPO = negative positive zero SI = silicon 
: GL = glass (zero temperature SIL = silver 
CER = ceramic GRD = ground(ed) coefficient) SL = slide 
CMO = cabinet mount only NSR = not separately Thue antl 
eae coefficient 24 = henries replaceable TD = time delay 
= common zx Dips earek eee 
COMP= composition a & Roue(al y OBD = order by de- as a rasp dioxide 
CONN= connection scription TOL = eae 
CRT = cathode-ray tube IMPG- = impregnated Pp = peak TRIM= trimmer 
DEPC= deposited carbon INCD = incandescent PC = printed circuit TWT = traveling wave tube 
INS = insulation (ed) board 
EIA = Tubes or transistors PF = picofarads = : 2 10-8 
meeting Electronic K = kilo = 1000 10012 tarade U = micro = 
Industries’ Associa- PP =ipeake to- peak VAC = vacuum 
tion standards will LIN = linear taper PIV = peak inverse VAR = variable 
normally result in LOG = logarithmic taper voltage W/ = with 
instrument operating POR = porcelain WwW = watts 
within specifications; M Tetehniges 10° POS = position(s) ww = wirewound 
tubes and transistors ee =P W/O = without 
MA = milliamperes POLY= polystyrene 
” selected for best MINAT = miniature POT = potentiometer * = optimum value 
S performance will be METFLM= metal film selected at factory, 
a peeling itordered MFR = manufacturer RECT= rectifier average value 
rc) by @) stock numbers. ROT = rotary shown (part may 
ELECT = electrolytic MTG = mounting RMS = root-mean-square be omitted) 
ENCAP = encapsulated MY = mylar RMO = rack mount only é# = number 
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Table 6-1 | 
Table 6-1. Reference Designation Index 


Circuit cs 


218A-60F ASSEMBLYSRINGER COIL 


3140-0006 MOTORSAC 4 FOLE 115 VAC 60 CYCLES ia7OURPM 


0170-002e C8FAG MY YoelLF 20% OVOCVOCw 
0180-0051 Ctrxu ELeCi &UF 350VUCH 
0140-004< CtFxO MICA é7 FF 5% 500 vOCw 
0140-0059 CirFxY MICA 47 FF 5% 5SOv VOC 
0170-002e C8FAU MY GelvF 20% oVOVDCW 


0160-0129 C&rXy MY ecCUPF 2% 600VDCK 
0160-0130 C8FXU MY ecUUPF 2% oVOVDCW 
0160-0151 CtrFAQ MY Ue22lF 2% OVUOVUCW 
0140-0037 CirFXo MICA 390 PF 5% 500 VUCa 
0140-0VU4e CsFAU MICA 27 FPF 5% 5O0U VDC 


NOT ASSTGNEL 
0150-0052 C8FXD 0e0S UF <0O% 400 vOCW 
NOT ASSIGiNeLl 
V150-ULO52 C8FAU Oe0S LF 20% 400 VOW 
0140-0039 CirxXuv MICK 47 FF 5% 500 VOCW 
ADUUSTABLE+ AVERAGE VALUE SHOWN 


0140-0054 CiFxu MICA 100 PF 104 500 vOCw 


NOT ASSIGNEE 
Q160-0001 C3FXU MY OelVF 10% 6UOVDOCW 
017U=G02e C8FXU MY OelUF 20% 600VOCW 
0140-0026 CsFXv MICA 22 PF 10% 500 VUCw 


0170=-002de C8FXU MY GelbF 20% OUOVDCW 
0140-0085 CtFXO MICA 220 PF 5% 500 ViCw 
0170-0022 CtFXD MY GelUF 20% oUOVOCW 
0140-0101 CtFXO MICA 1I5PF 5% SOO VUCW 
0140-0024 C8FXO MICA e200 PF 10% 500 WuCw 


0140-0195 CsFxXu MICA 15PF 5% S00 VOCw 
0140=0039 CtFxXD MICA 47 FF 5% 500 VOCW 
0140-0039 CtFXO MICA 47 FF 5% 500 VOC 
0180-0051 CsFxXv ELECT BUF 350VOCwH 
0130-0006 CsvAR CER S-cOFPF N300 


0140-0036 C8FXO MICA 110 PF 5% 500 vUCa 
0140-0036 CtFXO MICA 110 PF 5® 500 viCa 
0150-0005 C8vAR C led=7PF SOOVUCW 
0140-0057 CtFxXD MICA 390 PF 5% 500 VUCw 
0140-0024 C8FXU MICA 2eOuU PF 10% S00 VuCwW 


0140-0159 CsFxXO MICA 470 PF 10% 300 VOCW 
0170-0022 C8FXU MY GelVF 20% 6vOVDCW 
0140-0057 CtFXu MICA 390 PF 5% 500 VuoCw 
0150-0047 C8FXO TI 6e& PF 10% 500 VOCw 
ADJUSTABLE+ AVERAGE VALUE SHOWN 
0140-0055 Ct8FXO MICA 150 PF 10% 500 WOCW 


0140-0092 CtFxXO MICA 240 PF 5% S00 VUCea 
0140-0024 C8FXO MICA 2600 PF 10% 500 VOCwW 
0170=+0022 C8FXD MY OelUF 20% 600V0Ce 
0140-00359 CiFxu MICA 47 PF 5% 500 vOCw 


# See introduction to this section 
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Table 6-1. Reference Designation Index (Cont'd) 
Circuit 
@ Stock No. 


0140-0027 C8FXU MICA 470 PF 10% 500 VOL 
0140-0040 CiFXO MICA 75 FF 5% 500 VOC 
0140-0037 C#FXAU MICA 390 PF 5% 5SUU VUCw 

NOT ASSIGNEL 
Q0180-002U CsFAYU ELECT BOLF -20/4100% YoOvOCw 


0140-0193 CtFXO MICA Be FF 5% 300 VOCW 
0140=-0vU0e1 C8FAU MICA SOPF +/-1PF 
ADVUSTABLE+ AVERAGE VALUE SHUWN 
0130=CO15 CtvAn CER 9=50 PF N750 
0140-0024 C&tFXy MICA ce0G PF 10% S00 vWuCw 
0150-0001 CtvArR CER 7°45 PF N5uU0 


0140=0004 C8FxAUY MICA 15 FF 10% SOOVOCW 
0140-0054 CtFALD MICA 100 PF 104 5OU VOLW 
QO170-002e C&8FXU MY GelvF 20% 6U0OVOCW 
0140-0004 CsFXu MICA 15 FF 10% SuOvVOCe 
O17U-UO0ee C8FAU MY VellF 20% 6BU0VDCW 


017U=+002e CtFXU MY VelF 20% OVOVOCH 
Q150-C052 C3FAU OeUS LF 20% 400 VOCW 


NOT ASSIGNEE 
015U-00le C3IFXAO CER UeQlLUF 20% 1O0UVUCH 


NOT ASSIGNED 


0140-0024 C8FXu MICA 220U PF 10% 5u0 VWuCw 

0140-0050 C8FxAU MICA 390 FF 10% 500 VOCW 

0150-00734 C&8FXO CER 100 FF 10% 500 VUCw 

0140-0024 C8FXU MICA e€20U PF 10% 500 VWuCd 
NOT ASSIGNEE 


0140-0050 C3FxXu MICA 390 PF 10% 500 vOCW 
0150-0012 CtFXO CER UVeGLLF 20% 100UVUCe 
0140-0004 CtFxO MICA 15 FF 10% SULOVDCH 
0140-0004 CtFXu MICA 15 FPF 10% S500V0CW 
0140-CO04 C8FXO MICA I> FF 10% SUOVOCYK 


0170-0022 C8FXU MY UVellF 20% 6U0VOCH 

NOT ASSTGNEL 
0150-0009 CtFXu CER LUFF +/7*065PF NPO s00VUCW 
0150-00le C8FXD CER CeVIUF 20% 1000VUCw 
0150-0014 CtFXu CER SUOOFF MIN SuQVOCe 


0140-0024 C83FXU MICA 2200 PF 10% 500 WuCW 
0140-0030 C&8FxU MICA 390 PF 10%. 500 vOLw" 
0140-005u CtrFxD MICA 390 PF 10% 500 vVOud 
0150-001e C8FXU CER OoOlIUF 20% 1O00VUCw 
0140-0004 CtFXO MICA 15 PF 10% SOOVOCW 


0140-0004 C8FxO MICA 15 FF 10% S00v0CW 
0140-0004 CtFXU MICA 15 FF 10% SOOVOCW 


NOT ASSIGNEC 
0150-0009 C8FXD CER LOPF ¢+/-O0.5PF NPL SO0OVOCa 
0150-0012 CsFxXD CER OcQILF 20% 1000VUCH 


0150-0014 C8FxO CER SOUOFF MIN S00VOCH 
Q140-0024 C8FXO MICA 2200 PF 10% 500 VuCw 


# See introduction to this section 
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0140-005v 
Q140=-0030 
0150=-001le 
0140-00048 
014020004 


0140-0004 
0150-0014 
0150-C009 
0170"002c 
Q0150-COle 


0140-0024 
0170-0022 
0140-005vU 
0140-0050 


0150-00l«e 
0140-0004 
014020004 
0140-U05e 
0150-0019 


0150-0019 


0170=00¢d2 


QO170-002e 


0140-0004 
0150-0014 
0140-G024 
Q170-002« 
0140-0024 


0140-CO025 
0131-0004 


0140-0004 
0150-0014 


0140-0024 
Q170-U02e 
0140-0024 
0140-0025 
0150-0009 


Q150-0009 
0131-0004 


0140-0037 


01400039 
0140-0039 


6-4 


Model 218A 


Reference Designation Index (Cont'd) 


C8FXU MICA 390 PF 10% 5OU VOCW 
CtFXU MICA 390 PF 10% 50U vocw 
CtFXO CER OeQILF 20% 100UVUCw 
C8FXyU MICA 15 FF 10% SUOVOCW 
C8FXD MICA 15 FF 10% SOOVOCH 


CtFAU MICA 15 FF 10% SOOVOCW 

CtFAUy CER SCOOrFF MIN S5U00V0CH 

CtFAD CER ACPF +/-00e5PF NPG S500VUCH 
C8FXuU MY VelWVF 20% SOCVOCW 

C&FXU CER GeGVIlLF 20% 1LOOOVLCA 


NOT ASSIGNeEL 

CtFXU MICA cecOU PF 10% 500 VuCw 
C8FXU MY CollF 20% OUOVDCH 
CsFXU MICA 390 PF 104 50U vOCW 
C8FXD MICA 390 PF 10% 500 vOLW 


C3FXuU CER UeVLULF 20% 1LUOOVUCH 
C8FXUV MICA 15 FF 10% SOOVDCW 
C8FXU MICA 15 FF 10% SOOvDCW 
CtFXO MICA 47 FF 10% 500 VUCw 
CtFXO CER 1OUOFF 20% 


C8FAU CER LCUUPF 20% 


NOT aSSIGiveu 
C8FXD MY VellF 20% 600VOCW 


NOT aSSl@NcU | 
C8FXU MY OslUF 20% 600VOCW 


CtsFXD MICA 15 PF 10% SOOVDLW 
CtFxU CER SOOOFF MIN SOOVOCw 
C8FXU MICA 2eQU PF 1lo® 500 VuCw 
C¥rFXY MY CelUF 20% 6O00OVOCW 
CtFXO MICA 220U PF 10% SOU VuCw 


CtFXD MICA 68 FF 10% 500 VuCw 
C8VAR MICA 167150 PF 175V0CW 
NOT ASSIGNED 

CtFXQO MICA 15 FF 10% SOOVOCW 
CtFxXU CER SCOOFF MIN SUOVOCY 


C8FXO MICA 2200 PF 10% 5CO YWuCw 
C8FAD MY UVellF 20% 6U0VOCW 

CtFxU MICA 2200 PF 1lo® 500 voCw 
CtrFxAU MICA 68 FF 10% 500 VUCa 

C3FXU CER LOPF +/"0-e5PF NPO SOOVDCH 


CtFXO CER 1OPF +/=04eSPF NPO S00VUCWH 
CtvAR MICA 16-150 PF 175V0CW 


NOT ASSIGNED 
CtFXO MICA 390 PF 5% 500 VuCw 
NOT ASSIGNEL 


CtFXu MICA 47 PF 5% 500 vOCw 
CtFXu MICA 47 PF 5% 500 VOCW 
NOT ASSIGNEL 


# See introduction to this section 
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0140-0057 CiFXU MICA 390 FPF 5% 500 VLUCn 
: NOT ASSIGNEL 

0140-0054 CtFAu MICA 2e FF 5% 500 vOCW 

0170-002« C8FXU MY UellF 20% 6U0VOCW 


NOT ASSTGACL 


0140-0034 CtFAD MICA 2é FF 5% 500 VOCW 
0150-0025 CsFXY CER Z0OUFF 20% 1000VUCw 
0140-0039 C+#FxXO MICA 47 FF Se 50U VOCW 
0140-0039 CtrFxD MICA 47 FF 5% 50U vOCH 


NOT ASSIGNEL 


0180-0020 CtFAuU ELECT oOUF -20/+100% Y4ouvocw 
0180-002U C8FXU ELECT BOLF =—20/+4100% 4o0VDCW 
0170-0022 C8FXO MY UelLF 20% 600VOCW 
0170-0022 C8FXO MY UelF 20% 6SU0VDCW 
0170-002e C8FXD MY CelWF 20% OUOVDOCW 


0170=002« C8rXU MY VellbF 20% 6UOVOLW 

NOT ASSIGNED 
0170-0022 C8FXD MY GellF 20% SOUVDCW 
0140-0037 CtFXu MICA 390 PF 5% 500 VuUCW 
0160-002U CtrXO ELCCT S0LF -20/+100% Y450V0CW 


0180-0020 C&8FXU ELECT SOLF -20/+100% 450V0CW 
0180-00eu C3FXO ELECT BOULF =20/410U% 450VOCW 
Q017G=002e C8FXO MY GelVF 20% GUVOVDCW 
0170-0022 CtFAU MY GelUJF 20% 600V0CW 
0180-00<2U C8FAD ELECT BOUF -20/+100% 450VUCe 


0170-0022 CtFXO MY UelVF 20% 600VOCW 
0180-0020 C8FAQ ELECT BUOUF =-20/+100% 450V0OCW 
0150-0075 CtFXO CER 4700 PF +100%-20% 500 V 


1910-0011 CloOc GERMANIUM SMA AT iv 60 PIV 
1910-0011 LITODt GERMANLUM SMA AT lv 60 PIV 
1910-0011 LIODE GERMANIUM SMA AT lv 60 PIV 
G31G=-6A SEMICON VLEVICE sOT0vE 

1910-0011 DIODE GERMANIUM SMA AT Ply 


NOT ASSIGNEE 
41910-0011 DIODE GERMANIUM SMA 
3910-0011 DIODE GERMANIUM SMA 
1910-0011 b1O0E GERMANIUM SMA 
41910-0011 DIODE GERMANIUM SMA 


41910-0011 Ob100c GERMANIUM SMA 
1910-0011 UIODE GERMANIUM SMA 
1910-0011 CIOOE GERMANIUM SMA 
1910-0011 DIODE GERMANIUM SMA 
1910-0011 LIUDce GERMANIUM SMA. 


G31G<-8A SEMICON DEVICE sO10DE 

G-31G=-15A SEMICON DEVICESDIOOE SILICON 
1910-0011 OlQ0E GERMANIUM SMA AT lv 60 
19106-0011 Ol0De GERMANIUM SMA AT iv 60 


NOT ASSIGNEL 


# See introduction to this section 
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CRI02 G-29F-85 SEMICON OEVICESO010De INSS 
R303 G-29 FBS SEMICON LEVICESOIODE INSS 
CRIO4 

CRIOS NOT ASSIGNED 

CRIO@ G=-2y Fe85 SEMICON DeVICEsDIODE INSS 
CRI07 1910-0011 UIU0e GERMANIUM SMA AT 1V 60 


CRKIOS G=-29 F=85 SEMICON DEVICESOIODE INSS 
CRIO9 1910-0011 D1O0be GERMANIUM SMA AT IV 60 
LRILO G-29 F-85 SEMICON DEVICESOIODE INSS 
CRS41 1910-0011 LIODE GERMANIUM SMA AT LV 00 
CRIL2 G-sIG15A SEMICON LEVICE%D1I00E SILICON 


CRI13 

CRS00 NOT ASSIGNED 

CR501 G=-29F -85 SEMICON DEVICE SOIOVE INS5S5 
CR3502 1910-0011) LIVDE GERMANIUM 5MA lV 
CRSOS3 1910-0011 UIOVE GERMANLUM SMA iV 
CrRSO04 1910-0011 LIOLDE GERMANIUM SMA lv 


CR505 1910-0011 bIObE GERMANIUM SMA lV 
CR506 1910-0011 vIObDE GERMANIUM SMA iv 
CR507 1910-0011 O1yOe GERMANIUM SMA lv 
CR508 G-29F -85 SEMICON DEVICE SOIODE 1IN55 
CRSO9 1910-0011 DIOLE GERMANIUM SMA AT IV 


CR510 1910-U011 DIUDeE GERMANIUM SMA AT lv 
CRS11 1910-0011 DIQDe GERMANIUM 5MA AT 1V 
CR512 1910-0011 OIODE GERMANIUM 5MA AT 1V 
CRS15 1910-0014 LIObe GERMANIUM SMA AT 1V 
CR514 1910-0011 DIQLe GERMANIUM SMA AT lv 


CR515 

CR600 NOT ASSIGNcO 

CR601 1901-0035 SEMICON DEVICE OIODE IN4b5S5 
Cko02 1901-0035 SEMICON CevICE OIODE 1N4sdSs 
CROOS 1901-0035 SEMICON DevICE DIODE IN4s5b 
CR604 

CR6O05 NOT ASSIGNEC 


CRE06 G@=31G-27H SEMICON VEVICESDIODE 27VOLT 
CK607 1901-0035 SEMICON DEVICE CIODE 1N4858 
CR608 1901-0033 SEMICON DEVICE CIOOE 1N4858 
CREO09 

CR9I00 NOT ASSIGNEO 

CROO1L 1901-0028 OIlQDE SILICCN FIV 4OOV AVGe 


CR902 1901-0028 Oude SILICON PIV 4OOV AvGc 
CR9ODS 1901-0026 DIODE SILICCN PIV 4OO0V AVGt 
CRIO4 1901-0026 OlO0E SILICON PIV 4OOV AVGc 
CR905 1901-0028 O100e SILICON PIV 4OOV AVGt 
CR906 1901-0026 DIODE SILICON PIV 4OQOV AvGe 


CR907 1901-0026 O1O0eE SILICON FIV 4OOV AVGE 
CR908 1901-0028 DIQbe SILICON FIV 4OOV AvGn 
CR9O09 1901-0028 DIODE SILICON FIV 400V AvGe 
CR91L0 1901-0028 Olo0e SILICON PIV 4OOV AVGt 
CROLL 1901-0028 DIODE SILICON FIV 4OOV AVG. 


CR912 1901-0028 OIODE SILICON FIV 4OOV AvGu 


# See introduction to this section 
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1903-0026 DIQDE SILICCN FIV 4OOV AVGE 0¢75a 
1901-0028 LIOOE SILICON PIV 4OoV AVGce 0«75a 
1901-0028 O1O0E SILICON PIV 400V AVGe Ue75A 
1901-0028 LIQVE SILICON PIV 4OO0V AVGE 075A 
G-29F -85 SEMICON DEVICESDIODE 1N55 


@31G=8A SEMICON VLEVICE tOI00E 
9190-000¢ DELAY LINE Oc5S U-SECe 1700 IMPo 


2140-0006 LAMP GLOW NE=2 NEON 

G-B4=-E— LAMP 3 NEON 

AC4-10 LAMP3NEON AGEDe SELECTEDe VOT ON + LiAv 
2140-0008 LAMP GLOW NE=2 NEON 

G-84-e LAMP 8NEON 


2140-0005 LAMP GLOW NE@2 NEON 
G~54—E LAMP 3 NEON 
2140-0008 LAMP GLOW NE=2 NEON 
G-B4eE LAmP&NEON 


NOT ASSIGNED 
2140-0009 LAMP INCANUESCENT 6-8V 615 AMP 


2110-0002 FUSESCARTRIDGE 2 AMP 3 AG 
2110-0025 FUSESCARTRICGE 6625 AMP c5U0V SLOW 6LOW 
2110-0002 FUSESCARTRIDGE 2 AMP 3 AG 


1250-0116 CONNECTOR SGNC 
G-76=D CONNEC CTORSFEMALE 9=PIN PC 
G@-76-0 CONNECTORSFEMALE 9-PIN PC 


NOT ASSIGNCEOU 
1250-0116 CONNECTOR BNC 


G=-76=-0 CONNECTORSFEMALE 9-PIN PC 


NOT ASSIGNED 
1251-0006 CONNECTORSMALE 16=CONTACT 


NOT ASSIGNEL 
G-76=-0 CONNECTOR3FEMALE 9=PIN PC 


NOT ASSIGNED 
G-76=0 CONNECTORSFEMALE 9=-PIN PC 
G-76=-0 CONNECTORSFEMALE 9-PIN PC 
1250-0118 CONNECTOR 88NC 


5246-60G COIL 10e5th 

9140-0029 COILSRF CHCKE IOOUH 2e6 OHMS 
9140-0029 COIL8RF CHCKe 1LOQOUH 206 OHMS 
9140-0044 COIL VAR 165 UnY 

9140-0009 COIL VAR RF 50-100 UHY 


9140-0009 COIL VAR RF 50-100 UHY 


NOT ASSIGNED 
9140-0031 COIL FXO RF 75 UHY 


# See introduction to this section 
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9140-0029 COILSRF ChUKE LOOUH « 
NOT ASSIGNED 
9140-0051 COIL FXO Rr 75 UHY 
9140-0029 COILSRF CHOKe 100UH 
9140-0051 COIL FXO RF 75 UHY 


9140-0029 COILSRF CHOKe 1O0UH 
9140-0031 COIL FAO KF 75 UHY 
9140-0029 COalLsRF CROKE JOOUH 


NOT ASSIGNED 
9140-0027 COIL FAG RF 35 UY 


9140-0029 COLL3RF CHOKE 1LOOUH 2e6 
9140-0027 COiL FXU RF 35 UY 
9140-0029 COLLsRF CHCKE LOOUH 206 


41251-0007 CONNECTORSFEMALE 16-PIN 


NOT aSSIGineCl 
4251-0007 CONNECTORSFEMALE 16=PIN 


NOT ASSIunev 
8120-0015 CAbLc tPOWtK 


0687-4741 RtFXAD COMP 470K OHMS 10% I/2w 
0687-3351 R8FXO COMP 363M OHMS 10% Is2n 
0687-4711 R&tFxXAU COMP 470 OHMS 10% I/ew 
0727-01735 R3FXD DEPC 20K OHMS 1% 1/2 

0727-0216 R&8FXO DEPC 136¢7K OHM 1% l/leaw 


0690-4721 K8FXD COMP 4700 OWMS 10% Ln 
0690-4721 RtFXy COMP 4700 OHMS 10% Iw 
2100-0044 R&tVAR COMP SOK OHMS 10% « 
0687-1031 R8FXO COMP 10K OHMS 10% 
0686-5645 R8FXU COMP S6OK OHMS 5% 


0687-1531 R&8FXAV COMP 15K OHMS 10% 
2100-0095 R&VAR COMP 20K OHMS 20% LIN 1/58 
2100-0030 R&t*vAR COMP 250K 10% CWLOG 2 
2100-0154 Rk COMP 1000 OHM 304 LIN 3/10 
0727-0124 R&FXO DEPC 3000 OHMS 1% I/ecW 


0767-0008 RtFXO MET FLM 10K OHMS 5% 3 
0763-0004 K8FxXQ MET FLM 23K OHMS 2% Zw 
0690-3921 R&8FXO COMP 390C OHMS 10% ls 
0727-0218 R&8FXO LEPC 180K OHM 1% I/2qa 
0690-4721 R8FXu COMP 4700 OHMS 10% le 


0687-4741 R&tFXU COMP 470K OHMS 10% I/2w 
0727-0216 RtrFX0 DEPC 136¢7K OHM 1% Il/2u 
0687-1011 RtFXyY COMP 100 OHMS 10% 1/20 
2100-0094 R&VAR COMP SOK OHMS 30% LIN 1/5W 
0687-1851 R&tFXD COMP 1¢8M OHMS 10% 1l/aw 


0687-1021 R8FXO COMP 1000 OHMS 10% I/2wa 
0687-1011 R&FXO COMP 100 OHMS 10% 1/2 
0687-222) R8FXO COMP 2200 OHMS 10% 1/2wW 
0690-1041 R&8FXU COMP 100K OHMS 10% Ile 

0687-1041 R8FXO COMP 100K OWMS 10% 1/20 


# See introduction to this section 
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NOT ASSIGNEC 
0693-2751 R3FXO COMP 27K OHMS 10% cw 
0690-2231 R&tFAU COMP 2eK OHMS 10% IW 
0687-1051 R8FXO COMP 1M OHMS 10% 1/20 
2100-0095 R&vVAR COMP 100K OHMS 30% LIN 1/5w 


0687-1241 R8FXO COMP 120K OHMS 108 1/2 
ADJUSTABLE’ AVERAGE VALUE SHOWN 
0687-2241 R&FXQO COMP 220K OHMS 10% 1/2a 
0695-2721 KtrFAD COMP 2700 OHMS 10% 2u 
0693-3321 R&FXU COMP 3300 OHMS 10% 2h 
0690-1521 R&tFXO COMP 1500 OHMS 10% Iw» 


0727-0205 R&8FXO DEPC SOK OHM 1% Il/ewW 
0727-0209 RK3FXO DEPC 108K OHM 1% 1/20 
0687-2711 K3FXO COMP 270 OHMS +/-1U% I/en 
0690-2251 R&tFXD COMP 2cK OHMS 10% LW 
0687-2221 R8FXO COMP 2200 OHMS 10% 1/2w 


0687-2711 R8FAD COMP 270 OHMS +/-10% 1/aw 
0687-3951 R&FXO COMP 39K OHMS 10% 1/2 
0687-1011 K8FXO COMP 100 OHMS 10% 1/2h 
0690-1041 R&tFXO COMP LOOK OHMS 10% Iw 
0687-1021 R&8FXAU COMP 1000 OHMS 10% 1l/ew 


0690-5631 R&FXuv COMP S6K OHMS 10% 1w 

0687-8231 R8FXO COMP 82K OHMS 10% 1/2 
0687-1011 R&FXD COMP 100 OHMS 10% I/ew 
0687-4741 R&FXU COMP 47OK OFMS 10% 1/20 
0687-1031 K8FXuU COMP JOK OHMS 10% I/e2W 


0727-0205 R&8FXU DEPC 9OK OHM 1% 1/2 
0727-0216 R&8FXO DEPC 136¢7K OHM 1% Il/2w 
0689-1525 R&FXO COMP 1500 OHM 5% lw 
0689-1825 R8FXO COMP 1800 OMMS 5% lb 
0692-5125 R&8FXO COMP S100 OWMS 5% 2W 


0687-2251 R3FXO COMP 22K OHMS 10% 1/20 
NOT ASSIGNEL 

0687-2251 R&8FXO COMP 22K OHMS 10% I/ew 

0687-1011 R&8FXO COMP 100 OHMS 10% J/2W 

0727-0205 R&tFXO DEPC GOK OHM 1% 1/2m 


0727-0216 R8FXO0 DEPC 136¢7K OHM 1% I/2a 
0689-1525 R&tFXO COMP 1500 OWM 5% 1W 
0689-2225 K&8FXO COMP 2200 OHM 5% lw 
0687-4721 R8FXU COMP 4700 OWMS 10% 1/2e 
0687-4721 R8FXD COMP 4700 OFIMS 10% 1/2a 


0687-4741 R8FXD COMP 470K OHMS 10% 1/20 
0687-1011 RtFXD COMP 100 OHMS 10% 1/20 
0767-0011 R&tFXO MET FLM ZOK OHMS 5% SW 
06935-4721 R&tFXO COMP 4700 OMS 10% 28 

0687-1511 R8tFXO COMP 150 OHMS 10% t/2W 


0687-1041 R8FXO COMP 100K OHMS 10% 1/2 
0687-1011 R8FXU COMP 100 OHMS 10% 1/20 
0687-1041 R&8FXLY COMP 100K OHMS 10% 1/aw 
0687-1811 R&8FXO COMP 180 OHMS 10% 1/28 


# See introduction to this section 
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0687-6821 K8FXALU COMP ©6800 OHMS 10% l/e2a 
ADJUSTABLE? AVERAGE VALUtE SHUWN 
0695-4721 R&8FXU COMP 470U OMS 1U% 2a 
Q687@101) R&FxXU COMP 100 OHMS 10% l/ew 
0687-1041 R8FXD COMP 100K OHMS 10% 1l/ee 
Q687-1811 R&8FXO COMP 180 OHMS 10% I/ew 


0687-682) K&8FAU COMP €500 OHMS 10% 1/2a 
0693-2221 K&tFxXU COMP 2200 OHMS 10% 2a 
0687-1021 RK&8FXO COMP 1000 ORMS 10% IL/2n 
0693-1551 R8FXU COMP 15K OHMS 10% cw 
0687-1011 K8FxXO COMP 100 OHMS 10% I/ew 


0687-1011 RSFXO COMP 100 OHMS 10% i/eb 
0690-4711 R&FAD COMF 470 OHMS 10% iW 
0687-1021 R&FAY COMP 1000 OHMS 10% 1l/2w 
ADJUSTABLE? AVERAGE VALUE SHOWN 
0687-1011 RtFAD COMP 100 OHMS 10% i/ew 
0687-1011 R&8FAY COMP 100 OHMS 10% 1/eW 


0687-1011 R&3FXO COMP 100 OHMS 10% I/ew 
0687-3321 R8FAD COMP 330U ORM 10% 1/2W 
0667-1051 R&FAY COMP 10K OHMS 10% i/2w 
0687-1021 m38F XU COMP 1000 OHMS 10% l/ew 
0687-1041 R&tFXU COMP 1lUOKR OMMS 10% I1/2a 


0687-1041 R&tFXD COMP 100K OHMS 10% l/2w 
0657-4721 R&8FXAY COMP 4700 OMS 10% IL/2n 
0687-1011 R&tFXU COMP 100 OHMS 10% lvew 
ADJUSTABLE AVERAGE VALUE SHUN 
0687-1011 K38FXAQ COMP 100 OHMS 10% 1/2 
0690-1041 K8FXU COMP 100K ORMS 10% Ia 


0690-12351 K3FxXAD COMP 12k OHMS 10” Iw 
0687-104) R&8FXD COMP 100K OHMS 10% I/ew 
ADUYUaTABLE+ AVERAGE VALUE SHUWN 


NOT ASSIGNED 
0770-0002 R3FXO MET FLM 2400 OHMS Se Ya 
0687-4731 R&8FXAU COMP 47K 10% 1/2W 


2100-0094 R&VAR COMP SUK OHMS 30% LIN 1/58 
NOT ASSIGNED 

0667-1041 R8FXY COMP 100K OHMS 1U% 1l/2w 

0690-2721 R8tFXO COMP 2700 OHMS 10% lw 

0692-1055 KtFXO COMP 10K OHMS 5% 2w 


0687-2741 R&FXU COMP 270K OHMS 10% l/ew 
0687-3351 K8FXU COMP 3e3m OHMS 10% 1l/2a 
0666-9125 R8FXO COMP 9100 OHMS 5% l/2wW 
0686-1045 R3FXoO COMP 100K OHMS 5%1/2W 
0686-9155 R8FXU COMP 91K OHMS 5% 1l/EW 


0686-1045 K8FXu COMP 100K OHMS 581/20 
0686-1045 R&8FAD COMP 100K OFMS Sh1/ ew 
0686-1045 R&8FXO COMP 100K OWMS SRl/ 20 
0686-1045 R8FXO COMP 100K OHMS 5%1/2W 
0686-1045 R&8FXyo COMP OOK OHMS S81/2W 


0686-1045 R8tFXO COMP 100K OHMS S81/ 20 


# See introduction to this section 
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0666-1045 K&FAD COMP 100K OHMS Se1l/eW 
0686-1045 R&FXU COMP 100K OhMS Skis 2W 
0686-3325 R8FXD COMP 3300 OHMS 5% 1/2a 
0686-53525 K8FXD COMP 3300 OHMS l/2u 
0686-3525 R&8FXY COMP 3300 OHMS l/du 


0686-5525 R8FXO COMP 3500 OHMS 5% l/ea 
0686-3525 R8FXD COMP 3300 OHMS 5% 1l/2w 
0686-3525 K8FXO COMF 3300 OHMS 1/2 
0686-3325 R&FXY COMP 3300 OHMS % l/ew 
0686-3325 R&trXu COMP 3300 OHMS l/2aa 


0666-3325 R8FXY COMP 330U OMS l/én 
G686-5325 R&8FXO COMP.3300 OHMS 5% 1/2wm 
0687-4731 R&8FXD COMP 47K 10% 1/2w 

0687-1041 R&8FXO COMP 1UOK OHMS 10% Ivdea 
0687-1041 R&8FXQ COMP 100K OWMS 10% Il/2ae 


0687-1231 R&8FXU COMP 12K OHMS 10% 1/2W 
0687-1031 R&8FXU CGMP 10K OHMS 10% 1/EcW 
06935-2731 K8FXU COMP 27K OHMS 10% ew 
0690-2221 R&8FXD COMF 2200 OKMS 10% Lt 
0687-24731 R&8FXU COMP 47K 108% 1/2W 


2100-0094 RsvAR COMP SOK OHMS 30% LIN 1/5W 
NOT ASSIGNEE 

0687-1041 R&8FXO COMP 100K OHMS 10% 1/eu 

0690-2721 R&8FAD COMF 2700 OKMS 10% Ls 

0692-1055 R&8FXU COMP 10K OHMS 5% 2w 


0687-2741 R&FXO COMP 270K OMMS 10% 1/2ea 
0686-9125 R&tFXD COMP 9100 OHMS 5% 1/2u 
0686-9135 R&tFXO COMP 91K CHMS 5% 1/2W 
0686-1045 RtrrAU COMP 100K OHMS 5Sk1/ ew 
0686-1045 K3FXO COMP 100K ORMS 5S%1/eW 


0686-1045 R&tFX0 COMP 100K OWMS S81/eN 
0656-1045 RtFXy COMP LOOK OHMS 5%1/2W 
0686-1045 RtFXO COMP 100K OHMS 5%1i/2W 
0686-1045 R&8FXO COMP 100K OHMS S#i/ewW 
0686-1045 R&FXQO COMP 100K OHMS 5%1/2W 


0686-1045 R&8FXO COMP 100K OHMS S8)/2W 
0686-1045 R&8FXO0 COMP 100K OWMS 581/20 
0686-3325 R&FXO COMP 3300 OWMS l/2u 
0686-33245 R&FXO COMP 3500 OHMS l/2a 
0686-5325 K&8FXO COMP 3500 OHMS 1/26 


0686-3325 R&8FXD COMP 3300 OHMS l/2u 
0686-3325 RtFXO0 COMP 3500 OHMS 1/2 
0686-3325 R&8FXO COMP 3300 OHMS 1/2 
0686-3525 R&8FXO COMP 3300 OHMS 1/20 
0686-3325 R&8FXO COMP 3300 OWMS 1/2 


0686-3325 R8FXO COMP 3300 OWMS 1/2 
0686-33525 R38FXO COMP 3300 OWMS $ l/2w 
0687-1041 R&8FXO COMP 100K OWMS 10% 1/28 
0687-47351 R&8FXO COMP 47K 10% 1/2W 
0687-4731 R8FXO COMP 47K 10% 1/2W 


0687-1251 R8FXO COMP 12K OHMS 10% i/zW 


# See introduction to this section 
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Table 6-1. 


Circuit 
@ Stock No. 


0687-2251 
0687-2251 
0687-1041 
0690-222] 


0687-4751 
2100-0094 


QO690~"27ah 
0692-1055 


0637-2741 
0686-9125 
06806-9155 
0686-1045 
0686-1045 


0680-1045 
0686-1045 
0686-1045 
QO680-1045 
0666-1045 


0686-1045 
0680-1045 
0686-3325 
0686-3325 
0686-3325 


0686-33525 
0686-3325 
0686-3525 
0686-5325 
0686-3325 


0686-3325 
0686-3525 
0687-1041 
0687-1041 
0687-104) 


0687-12351 
0687-5331 
0687-3331 
0687-3331 


0690-4731 
0690-2221 
0687-4731 
2100-0094 


0687-1041 
0690-2721 
0692-1055 
0687-2741 
0686-9125 


R&8FxAU COMP 
RsFAO COMP 
R&8FAU COMP 
R&FXO COMP 


R&tFXu COMF 
R&vVAR COMP 


Reference Designation Index (Cont'd) 


eck OHMS 10% i/ew 
ecK OHMS 10% 1/2wW 
100K OHMS 10% l/e2w 
2200 OHMS 10% lw 


47K 10% Il/ew 
SUK OHMS 350% LIN 1/75W 


NOT ASSI@NED 


SFA COMP 
R¢FXO COMP 


RtP AD COMP 
R&F AD CONF 
R&tFXOD COMF 
K8FXO COMP 
RtFXO COMP 


R&8FXuU COMP 
K8FXD COMP 
R&FXO COMP 
R&FxXD COMP 
R&tFAWU COMP 


R&FXO CCMP 
R&8FXO COMP 
R3FXAY COMP 
R3FXO COMP 
R&tFXD COMP 


R&tFAG COMP 
R&FXD COMP 
R&8FXU COMP 
R&tFXADO COMP 
KRtFXU COMF 


R&8FXO COMP 
R&FXO COMP 
R8FXO COMP 
R&8FXO COMP 
R&8FXu COMP 


R&8FXO COMP 
R&FXQ COMP 
R&8FXD COMP 
R&8FXO COMP 


2700 OHMS 10% lw 
JOR OHMS 5% 2 


270K OHMS 10% 1/2n 
9100 OHMS 5 l/dw 
91K OHMS SH I/eN 
OOK OMS Sxké1/ eM 
OOK OHMS S¥1/cW 


WOK OHMS Skl/ ew 
OOK OHMS Skis eh 
100K OHMS Swel/cw 
1VO0K OHMS Shi/2W 
100K OHMS S%1l/ewW 


lUOK OHMS 5%1/2W 
1VOK OHMS S#1/<eW 
3300 OHMS l/2a 
550U OKMS 5% l/2eu 
350U OHMS l/2u 


3500 OHMS \s2u 
330U OHMS l/2a 
3300 OKMS l/au 
3300 OHMS 9% l/2e 
3300 OHMS l/2ea 


3300 OHMS 5% l/du 
2500 OKMS l/2u 
1QOOK OHMS l/2u 
100K OHMS 10% 1/2 
1GOK OHMS l/2a 


12K OHMS 10% i/ew 
33K OHMS 10% I/cw 
35K OHMS 10% 1/2W 
35K OHMS 10% 1/20 


NOT ASSIGNEC 


R&FXO COMP 
R&8FAD COMP 
R&FXO COMP 


R3VAR COMP SUK OHMS 30% LIN 1/5W 


47K OHMS 10% 16 
2e00 OHMS 10% It 
47K 10% 1l/2w 


NOT ASSIGNED 


R8FXO COMP 
R8FXO COMP 
R8FXO COMP 
R8FXD COMP 
R8FXO COMP 


100K OHMS 10% i/2w 
2700 OHMS 10% iW 
10K OHMS 5% 2H 
270K OHMS 10% 1/2u 
9100 OHMS 5% 1/2a 


# See introduction to this section 
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Circuit rer 
@ Stock No. 


0686-9135 R&8FXO COMP 91K OHMS 5% 1/2 
0686-1045 R&FXU COMP 100K OHMS 5S81/2W 
0686-1045 R8FXAU COMF JCOK OHMS S581/e2W 
0686-1045 K8tFAU COMP 100K OHMS 5S81/2W 
0686-1045 R&FXD COMP 100K OHMS SRi/ew 


0686-1045 R&FXO COMP 1VOK OHMS S81 ew 
0686-1045 R8FXD COMP 1IO0OK OHMS Sel/aw 
0686-1045 R8FXAY COMP 100K OHMS SHIs 2m 
0686-1045 R8FXy COMP 100K OHMS SH1/2N 
0686-1045 R3FXO COMP 100K OHMS Sel/ew 


0686-3325 R&FAY COMP 3300 OHMS l/2w 
0686-3325 R&FXO COMP 3300 OHMS l/2ea 
0686-3325 R8FXO COMP 3500 OHMS l/2e 
0686-3325 R&FXuU CCMP 35300 OHMS 5% I/e2w 
0686-5325 R&FXU COMP 3300 OHMS 6 l/2e 


0686-33525 R8FXO COMP 3300 OHMS 5% 1/2w 
0686-3525 R&8FXO COMP 3500 OHMS 5% 1/2w 
0686-5325 R8FXY COMP 3304 OHMS 5% l/2n 
0686-3325 R&tFXD COMP 3300 OHMS 5% 1l/2e 
0686-5325 R8FXY COMP 3500 OHMS l/aa 


0687-1041 K&tFXD COMP 10CK OKMS 10% 1/2 

0687-1041 R&8FXO COMP 100K OHMS 10% Ilva 

0690-1031 R8FXU COMP 10K OHMS 10% IW 

0690-1031 R&8FXO COMP 10K OHMS 10% IW 
NOT ASSTGNEL 


0687-1011 R&8FXY COMP 100 OHMS 10% I/aw 
0687-5611 R&tFXO COMP OHMS 10% 1/2W 
0687-1011 R&8FXQ COMP OHMS 10% 1/2W 
0687-5614 R&tFXD COMP OHMS 10% 1/2W 
0687-1011 R8FXD COMP 100 OHMS 10% I/eW 


0687-5611 R&FXO COMP OHMS 10% 1/2W 
0687-1011 R&tFxXO COMP OHMS 10% 1/20 
0816-0010 R&FXO wW 2000 OHMS 5% 30 

0687-1041 R8FXQ COMP 100K OHMS 10% 1/2a 
0687-1031 R&8FXO COMP 10K OHMS 10% 1/2W 


0687-1041 R&FXO COMP 100K OHMS 10% 1/2 
0687-1031 R&FXD COMP 10K OHMS 10% 1/2 
0687-1041 K8FXO COMP 100K OHMS 10% 1/28 
0687-1031 R8FXO COMP 1OK OHMS 10% I/2W 
0687-1011 R8tFXO COMP 100 OHMS 10% 1/2 


0687-1011 R&tFXD COMP 100 OHMS 10% 1/2 


NOT ASSIGNED 
0687-5611 R8tFXO COMP 560 OHMS 10% I/eW 
0687-1011 R8FXD COMP 100 OHMS 10% i/cW 
ADJUSTABLE+ AVERAGE VALUE SHOWN 
0695-4731 R8FXO COMP 47K OHMS 10% 2W 


0687-1241 R8FXO COMP 120K OHMS 10% 1/2w 
0687-1521 R3tFXO COMP 1500 OWMS 10% 1/20 
0687-1541 R8FXD COMP 150K QHMS 10% 1/20 
0771-0005 R8FXO MET FLM 5000 OHMS 10% 4W 


# See introduction to this section 
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Table 6-1. Reference Designation Index (Cont'd) 


Circuit inti 
N 
Bapecnee @® Stock No. Description 


YV6d/—5614 K3FAU COMP 500 OHMS 10” Il/ew 
0690-1551 R&tFxAU COMP 15K OHMS 10% LW 
0690-3921 R&SFXO COMF 3900 ORMS 10% Iw 
2luvu-0177 KitvAan DLAL c<ALUUK 204 LIN <W 
2100-0094 R8vVAR CCOMF SUK OHMS 304 LIN i458 


0687-1251 R&8FAQ COMP eK OHMS JOA I/eW 
0687-3311 R8FAU COMF 350 OHMS 10a l/c 
0687-5611 K8FAU COMP 560 CHMS 10% l/eéh 
0667-101) KtFAU COMP 100 OHMS 10% 1l/en 
ACYLSTABLE? AVERAGE VALUc SHUWN 
VO95-4751 K3FXQO COMP 47K CHMS 104 ew 


0687-1241 K3FAQD COMP JleOR OMS 10% Lew 
0657-1521 KtFAU CCMF 1500 OHMS 104 l/da 
0667-1541 KtFAO CCmP 150K ORAS 10% Il/ew 
0771-G005 N3FAUW MET FL SUOO OHM 10% 4 
0657-5611 neFAUY CCMP Sou CHMS 10% lew 


069G=-1551 KtrrXAo CCMP ioKk CHMS 10% IW 
0690-5921 RtFXU COMrF 3900 OHMS 1UA la 

NCT ASSIGNeL 
21uv-U094 R&VAR COMF SUK CHMS 30% LIWw i/5W 
0687-1251 K3FAU CUMP leK CHMS 10% 1l/eW 


0687-5311 R&FAU COMP 350 OHMS 10% Il/eéw 
0687-1011 KstkFAU COMF 100 CHMS 10% 1/<W 
0687-1011 KktFxAU COmr 1UGQ OHMS 108% 1/2 
0687-2711 R3FXY COMP <7U0 CHMS +/=lU® 1s2w 
ADLLSTABLE* AVERAGE VALUE SHUN 


YV687=—2711 R&FXO COMP «70 CHMS +/-10% I/ew 


NOI ASSTeNEL 
0727-0217 K3FAUY DEPC 140K OHM 1% l/2n 
0687-1014 R3FALU COMP 100 OHMS 10% l/ew 
0727-02128 K8FAY DEFC 180K OFM 1% Isen 
0693-2251 K3sFAU COMP ccK OHMS ICA 2h 


0686-1255 K&8FAQ COMP 12K CHMS Srisedn 

0687-1011 R&FXyY COMP 100 OHMS 10% l/ew 
0727-0210 R&FXQ DEPC 156¢7K OHM 1% l/2u 
0727-0216 K&SFAQ DEPC 1566¢7K OHM 1% 1l/ew 
O72/-U216 K8FXO DEFPC 136¢7K OHM 1% 12m 


0727-0216 R&FXU ODEPC 156¢7K OHM 1% 1/2e 


6-14 


0687-1011 R&FAU 


0695-<251 


0686-1255 
0687-1011 


O727-0217 
O727=U21bd 
0693-8251 


0687-4711 


0687-5641 


07350-CO72 


R3r xv 
R&F Xu 
RK &F XU 


R&FAU 
R&FXAV 
R&rFrAQ 
KFA 
R&FAXY 


come 
COMP 
COMP 
COmF 


DEPC 
DEPC 
COMP 
COMP 
COMP 


1¢G0 OHMS 
<2K OHMS 
léK OHMS 
100 CHMS 


140K OHM 
1sUK OM 
@2K OHMS 
470 OHMS 


10% 1l/2w 
104 en 
Sel/aew 
10% l/ew 


1% l/2e 
1% I/2a 
10% ew 

1Oe l/2w 


SeOk OKMS 10% 1l/ew 


WOT ASSIGNEE 
R&FXQ DEPC 1e3kK OHMS le IW 


# See introduction to this section 
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Circuit re 
@ Stock No. 


O727-U17L R&FXU LEPC 16K OHMS 1% A/ew 
0695-2221 KirAQ COMF 2é0U OHMS UB 2a 

NOT ASSIGNeL 
06387-4701 R&8FAU COMF 47 CRMS 10% I/2w 
2100-0144 K8var COMP 2oUK OFM 304 LIN 1/548 


NOT ASSITualvcb 
0687-1041 R8FXO COMF LOUK OMS 10% I/l2e 
AUUUSTABLE®+ AVERAGE VALUc SHUWN 
Q680=-1245 RK&EXU CCMF 120K ORMS 561/20 
0667-504) K8rxXy COMP SOOK OHMS luw 1/2e 
0687-4701 R&FXD COMF &7 CRMS luk l/eu 


0687-4701 R8FXU COMP 47 CRHMS 1LUs% Il/2e 
WO! ASSIGNeb 

0687-5601 K&8rFxXy COMP SO OHMS 10% Ive 

0687-4711 KR8FXO COMP 470 OHMS 104 l/eW 

0686-1245 K8FXU COMF 120K OHMS 581/20 


0686-1245 K8FAG COMF 1€OK OHMS Seis cW 
0686-62355 R&tFXv COMP &EK CHMS Sa iveh 
0686-8255 R8FXU CUMP 62K OHMS 5% Ise 


NOT ASSTGNEC 
069021041 K8FXD COMP 1UOK OKMS 10% le 


0690-1041 K3FXO COMF 100K OHMS 10% lw 
O81l8=-O0Ole K&FAU WR 4500 OhM 5% 4OW 
0687-2241 KtFXO COMP ceOK ORMS 10% Ilda 
0687-1551 R3FXO COMP 1¢5M OKMS 10% l/ew 
0687-3951 R&tFXuW COMP 39K OHMS 10% Il/cwW 


0687-3951 K8FXU COMP 3e9M OHMS 10% 1/2 
0687-3301 R&sFAO COMP 33 CHMS 10% l/seéw 
0667-1011 K&tFXD CUMP 100 OHMS 104 i/ew 
0687-3504 K8FXU COMF 53 URMS 10% 1/2h 
0667-1011 RtFXu COMP 100 CHMS 10% i/ewW 


0687-4741 R&FXV COMP 470K ORMS 10% l/s 

0687-3301 R&8FXV COMP 335 OHMS luk l/2u 

0687-1011 R&3FXD COMP 100 OCHMS 10% i/2ewW 

O7SsU-C075 K&SFAU DEPC loQK ORMS Le IW 
ADYUSTABLE*s® AVERAGE VALUE SHUWN 
NOT ASSIGNeb 


0730-0077 RtFXuv LEPC 181K OHMS 14% IW 
0687-1011 R8FxXD COMP 100 OHMS 10% Ii/eW 
0687-2711 R8FXD COMP 270 OHMS +/-1U% I/2W 
0687-1011 R38FXD COMP 100 OHMS 10% I/ewW 
0687-2241 R&8FXU COMP 220K OHMS 10% 1l/2w 


0687-3951 K3FXO COMP 3e¢9M OHMS lur Il/2ea 
0687-1551 R&8FAU COMP 1leSM OKMS 10% 1/20 
0687-3931 R8FAO COMP 39K OHMS 104 1/2 
0687-3501 RtFXU COMP 35 OHMS 10% 1/20 

0687-1011 R8FXO COMP 100 OHMS 10% 1/2W 


NOT ASSIGNED 
0687-1041 R8FXO COMF 100K OWMS 10% Il/ea 
0687-4741 RtFXO COMP 470K OHMS 10% 1/2w 


# See introduction to this section 


00095-1 6-15 


Section VI Model 218A 
Table 6-1 


Table 6-1. Reference Designation Index (Cont'd) 


Eat [aan 


O811-CUV6 K8FAU WR SUCU CHMS 1A ow 

O073U-L085 RtrAc DEPC 316K OFMS Ix la 
NOT ASSToNev 

07350-0079 K%rFAW VEFC 216¢3K OHMS lw iW 

0690-1041 RtrkXu COMF 100K OHMS lux le 


OBls=-C014 R&FXU Wh 1U00 LRMS Sa 4On 
0690-6251 R&FAU COMF beK CHMS 10% Iw 
V687-2241 KtFAQ COMP ecOK OHMS 1lvVséA llea 
0690-3931 ntFXG CUMP 39K OHMS 10" aw 
0667-3951 K38rFAU COMF 3¢9h ORMS lus l/ew 


0667-5301 K8FAU COMP 33 CFMS 104 I/en 
0687-1011 R&FAD COMP lulu OHMS 10k A/ew 
0687-1011 R&8F&Xo COMP 1U0 CHMS 104 I/ewW 
0687-3501 R3tFxAU COMP 335 CHMS lus l/en 
0667-1021 mst XO CUMP lvOu OhMS luUsé I/lew 


0690-4751 RtFAU CCMP 47K OHMS 1Unw Ili 
0687-1011 KtFAQ COMP 100 CHMS 10% I/ew 
0687-3501 RtkxAU CCMF 35 CHMS luk l/en 
0687-4741 R&rFAU COMF 470K OHMS lve 1l/ew 
0687-1541 ASFAXO COMP 150K OMS 1lUKX 1l/2a 


2100-0094 KtyvAn COMF SUK CHMS 30% LIN 4754 
0687-2241 KtrFAU COMP ceOK OHMS 10% Illew 
O687=1011 KtFAU CUMF 100 OHMS 10% 1l/e2h 
0687-1841 KRtFXY COMP 18OK OHMS lus® 1l/en 
2100-0094 RtvAR COMP SUK OHMS 50” Liiv afOd 


0687-1841 K8FEXU COMF 160K OHMS 10% I/2a 
V690—~=2741 KirFAU COMP 270K Oris 10% Ila 
0690-1551 KSFAU COMP 1e5M OKMS luw lw 
Q687=—l1l25i K8FAW COMP lech ORMS 10% I/dw 
0687-1251 K3SFAQ COMP le2h OMS 10% lv2w 


0687-4711 KSFAG COMF 470 OHMS 10% I/eW 
06387-4711 R&FxAG COMP 470 OHMS 104 1/2 
0690-3301 KtFXO COMP 33 VCHMS 10% Iw 

0687-4711 R&8FXO COMP 470 CHMS i0*% Ii/eW 
0667-2211 R&reXO COMP ce OHMS 10% IL/ewW 


0687-4721 R3tFAU COMP 470U OKMS 10% 1/20 
0687-4721 R&FXU COMF 4700 OMS 10% Il/en 
0687-4721 R8FAY COMP 4700 OWMS 10% 1/2a 


0839-0006 KT’ 10 OHMS 10» 
0639-000 KT: 10 OHMS 10% 


3100-0176 SWAiTCH@ROTARY’S 5 FUS 1 SECT 
3101-0014 SWITCH PUSHBUTTON SPLUT BREAK BEFORE MAKE 


NOT ASSIGNCL 


3101-0005 SwiTCH TOG CFDT JAN &SI12eN 
3101-0011 SWITCH SLitt DFOT OeS AMP 1425 VOC 


NOT ASSTonel 
3100-0179 SWATCH=ROTARY® CUAL CONCENTRIC 10 FOS 
3100-0179 SWITCH@ROTARY# DUAL CONCENTRIC lu POS 


# See introduction to this section 
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3100-017y SWAlCH=RUTARY® CUAL CONCENTRIC 10 FOS 
3100-0179 SWITCHARUIARYS CUAL CONCENTRIC 10 FOS 


NOT ASSToONEL 
3101-0017 SWITCH TUG LPDT 10 AMP «ed5uV 
3100-0147 SWwiTCH=LeveRi 3 POS 


218A-608 
216A-60C 


TRANSFORMER 8PULSE 
TRANSFORMER 8PULSE 


REU 
YELLOW 


NOT ASSIENCL 
216A-60e TRANSFORMER tPULSE GREEN 
21bA-60e TRaNSFORMER SPULSE BREEN 


wWwOf ASSTeNCL 
2lxsa=60uU TRANSFORMER SPULSE GREY 
218A=60L TRANSFORWMERIPULSE GREY 
2138a-60U TRANSFORMER SPULSE 


NOT ASSTeNcU 


218A-60C 
21l8A-60C 


TRANSFORMER 8PULSE 
TRawoF ORMcKk sPULSE 


YELLOW 
YELLOW 


NOT ASSTGNEC 


915U-UUGS TRANSFORMER $SPULSE 


NOT ASSTonwEl 


9100=-010U T POWER 
91UU=U099 T POWER 
913U-00VU%8 TRANSFORMER 8PULSE 


31uU5-0007 SWiTCH8 THERMOSTAT SPDT 


1952-0009 TUBESELECTROUN 5965 
1932-0009 TUbBESELECTRON 5965 
1925-0002 ELecCTRON TUbes $725 PENTOOt 


NOT ASSToNEC 
ELECTRON TUbL? 


1952-U025 6J6 VOUSLE TRIOVE 


1925-0001 ELcCTRON TUBES 5654 PENTODtE AP 
1925-0001 ELcCTRON TUBES 5654 PENTODe nP 
1925-00Ve ELCCTRON Tebe 3 5725 PENTODc 
1952-COU9 TUBESELECTRCON 5965 


1952-000 TUSBESELECTRON 5965 


1925-U0VE ELcCTRON JUbe s $725 PENTUOc 
1925-0017 ELECTRON Tubes 6AHG PENTOOE 
1925-0017 CLECTRON Tere? 6AH6 PENTODe 


1932-0009 TUGESELECTRUN 5965 


NOT ASSTGNED 


1935-0005 ELECTRON TUBES 6BHS TRIQVE PENTQUE : 
1970-0005 TYPE 6700 MAGNETIC BEAM SwITCHING TUBE 
1952-0008 ELeCTRON Tubes TWIN TROILE 9 PIN MINIAT 


# See introduction to this section 
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195e-COVU0 
19235-00Uc 
1935-0005 
1970=CO005 
1925-U0VE 


1935-C0VU5 
1970-0005 
193<-UUUo 
1932-L0U6 
1923-U00¢2 


19425-0017 
1970-005 


1925-0002 
1932-U0U9 


1925-000d 
193€-CO009 


1932-027 
1952-0027 


1932-0016 


1921-0010 
1921-COlYU 
1921=-001U 


19235-GO0dd 
1921-LU0lYU 
1925-U0ds 
19342-00U9 
1921-C01U 


1921-0010 
1921-001U 
1933-0004 
1940-C001 
1932-005U 


1921=-001U 


0410=COle 


G=-74H 
G-748F 
G-74N 

G-745M 
67460 


G-74AA 
3150-000¢ 
1450-0027 


218A=-40C 
3150-0009 
1400-0007 
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rtLeCTRON Trbcs TWIN TRUIVE 9 PIN MiANIAI 
ELECTRON Tubes 5725 PENTOOc 

ELECTRON Tubes 68Bh8 TRIQVE PENTOVE 

TYPE 670U MAGNETIC BEAM SWITCHING TUbe 
tLeCTRON Tebes 5725 PENTOLE 


ELECTRON Tveect 6BHS TRIQVE PENTOVE 

TYPE 6700 MAGNETIC BEAM SWITCHING Tube 
ELECTRON TLEES TWIN TROILE & PIN MINIAT 
CLECTRON TULEC? TWIN TRUILE & PIN MINIAT 
tlLeoCiIRON Tvbes 5725 PENTODe 


ELcCTRON TUBE st 6AHEG PENTODe 
TYPe 6700 MAGNETIC BEAM SWITCHING TUbc 


WOT aASSIGiNceL 
ELECTRON TUec’? $5725 PENTOUc 
TUBESELECTRUN 5965 


ELeCTRON Tere? 5725 PENTUDE 
TUBEZELECTROUN 5965 


WOT ASSITeNeL 
ELECTRON TULBes 12AT7 OVAL TRiOVE 
ELCCTRON TLbes L2AT7 CUAL TRIOVE 


clLeCfRON TLEcs 7119 YVUAL TRIVOE 


NCT ASSIGNEL 

ELECTRON Trees 12B84A TROIDe » PIN 
ELcCTRON Trees 1264A TRIOCe yY PIN 
ELECTRON Tube? 12B4A TROIDe » PIN 


ELECTRON Iebe*? 6CBOA PENTOVE 

ELECTRON Tuetc’t 1284a TROIDe » PIN 
ELECTRON Tubes 6CBOA PENTOLE 
TUBESELECTROUN 5965 

ELECTRON TLee s 12B4A TROIDE 9 PIN MIN 


ELceCTRON Tree? 12B4A TROIDe 9 PIN MIN 
ELECTRON TLEc 2 12B4A TROILE » PIN MIN 


ELcCTRON Tubes 6U8 OR GUGA TRKI0DG PeNTOVE 


ELECTRON Tube? 5651 VOLTAGE REFERENCE 
ELcCTRON Tees 1L2ZAX7 DUAL TRIOVE 


ELECTRON Thee? 12B4A TROIDE & PJIivW MIN 


CRYSTALS IMC +/-0-001% 
MISCELLANEUUS 


KNOBOSPULSE RATE 
KNOGtMICRUSECOND DELAY Te(1/10) 
KNOBsSSTART FULSE SELECTOR 
KNOBSMICRCSECOND DELAY Tle 

KNOB SMICRESECOND DELAY Tee 


KNOBSSYNC CUTPUT 
VILSAIR FLeWATER SOLUABLE OIL 
LAMPHOLDER 8BAYONET 


DIaL ASSoY 
FL AIR 10 A 10 X 7/78 
FUSEHOLDER 
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0130-0C0O1| CtVAR CER 7-45 PF N500 503 000 D2P0=-33R 
0130-0003] CtVAR C 1¢5=-7PF S00VUCw 503-O000COP0-10R 
0130-0006| CtVAR CER 5-20PF _N300 0130-0006 
0130-0015} C%VAR CER 9-50 PF N750 3192-000-U2P0-47R 
0131-0004, CtVAR MICA 16-150 FF 175v0CW 9131 0004 


0140=-0004| CtFXD MICA 15 PF 10% SOOVOCW TYPE DR OR1I415 B10)}15 
0140-0024] C%FxXD MICA 2200 PF 10% 500 VUCh TYPESC Gi2d2 Bid 
0140-0025| C%FXD MICA 6& PF 10% 500 VOCw RCM15B680K 

0140-0026; CtFXD MICA 22 PF 10% 500 VOCWw RCM20E220K 

0140-0027| CtFXD MICA 470 PF 10% 500 vOCW TYPE K K1347 810 


0140-0030} CtFXD MICA 390 PF 10% 500 VCCw# TYPE K K1339 B10 
0140-0052} C%zFXO MICA 47 PF 10% 500 VOCW TYPE K K1447 B10 
0140-0034; C#FXD MICA 22 PF 5% 500 VOCW RCMI5E220J 
O140-0036| C#FXD MICA 110 PF S% SOO VDOCW CM1S5e111lu 
0140-0037) CiFXO MICA 390 PF 5% S00 VDCW TYPE RR RRI339C5 


0140-0U39| CiFXO MICA 47 PF 5% 500 VOCW CM15e470J 
0140-0040; CItFXD MICA 75 PF 5% SOO VOCW TYPE OR URI475 ES 
0140-0042) CtFXD MICA 27 PF 5% 500 VOCW TYPE DR ORI427 ES 
0140-0054) CtFXD MICA 100 PF 10% 500 VOCW TYPE K K1310 610 
0140=-0055| CtFXU MICA 150 PF 10% 500 VOCW RCM2UB151K 


Ke wMNHe O 


0140-0081| CtFXD MICA SO6PF +/=-1PF DR1I456E 

0140-0083| CtFXD MICA 220 PF 5% 500 VOCW TYPE DR OR1L322 E5 
0140-0092| C#FXD MICA 240 PF 5% S00 VOCW TYPE DOR OR1324 ES 
0140-0101 CtFXD MICA 15PF 3% 500 VOCW RCM15C150J 
0140-0139| C%FXD MICA 470 PF 10% 300 VOC MCM150471K 


et 


0140-0193| C8FXD MICA 15PF 35% 500 VOCW RCM15C150J 
0150-0009| CtFXD CER 1LOPF +/-0e5PF NPO SOOVUCh Wides Gal 2 
0150-0012] C8FXD CER Oe01UF 20% 1000VDCWw H 1038 
0150-0014] CtFXD CER SOOOPF MIN SOOVDCW D1 4 

0150-0019| C%FXO CER LOOOPF 20% 327005X5U0102M 


RW OW 


0150-0023} CtFXO CER 2000PF 20% 1000V0CH TYPE JF e002 20% 
0150-0047] C%FXO TI 668 PF 10% 500 VOCW TYPE GA 
0150-0052] C8FXD 05605 UF 20% 400 vOCW 20X503MC4 
0150-0073] CtFXD CER 100 PF 10% 500 VOCW 4OC200A2 
0150-0075| CtFXD CER 4700 PF +100%-20% 50U V STYUCERGoL ELA 


Ke eK We & 


0160-0001 C8FXD MY OelUF 10% 60OVDCW 160P10496 
0160-0129| C%FXO MY 2200PF 2% 600V0CW 107F222G 
0160-0130} CtFxD MY Z2200PF 2% 600VDCW 107F 2236 
0160-0131 CtFXD MY Oc«e22UF 2% 6OOVDCW 107F224G 
0170-0022| C8FXD MY Oel1UF 20% SOOVOCW TYPE 27 


Ce & & 


ft 


0180-0020] CsFxD ELECT 80UF -20/+100% 450VCCW KP10<02I1SSU 
0180-0051 CtFXD ELECT 8UF 350VDCWw 032551 
0410-0012 CRYSTAL8 1MC +/-U2001% OBO 
0686-1045| RtFXD COMP 100K OHMS 5%172W E8-1045 
0686-1255 R8FXO COMP 12K OMS 5%1/2W E3-1255 


as 


0686-1245| RtFXD COMP 120K VHMS 5%1/2W EB-1245 
0686-3325| R&FXD COMP 3300 OHMS 5% 1/2W EB 3325 
0686-5645] R&FXD COMP S60K VHMS 5% 1/2W E38 5645 
0686-8235| R&FXD COMP 82K OMS 5% 1/72W EB 8255 
0686-9125| RtFXD COMP 9100 VHMS 5% 1/72 EB 9125 


- 
fFNe Ow NAe hw ® 
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0686-9135| R&FXO COMP 91K CAMS 5% 172W E3 9135 1 
0687-1011} R&FXD COMP 100 OHMS 10% 172W E3 loll 8 
0687-1021 R&FXO COMP 1000 OHMS 10% I1/2n EB 1021 2 
0687-1031] R&FXO COMP 10K OHMS 10% 172% E8 1031 2 
0687-1041 RtFXD COMP 100K JHMS 108 1/2w EB 1041 5 


0687-1051 R3FXO COMP 1m OHMS 108 1/2W 1051 Die 
0687-1231 R&tFXD COMP 12K OHMS 308 1/72 E3 1231 S| 1 
0687-1241} REFXU COMP 120K OHMS 10% 1/20 Ed 124) ED i 
0687-1251) RItFXD COMP 1le2M OHMS 10% 1/2h E3 1251 2 ek 
0687-1511 R&tFXD COMF 150 OHMS 10% 172 SSeS Dee 


0687-1521 R8FXO COMP 1500 VHMS 10% 1/26 ES sis24 1 
0687-1531 R&FXO COMP 15K OHMS 10% 1/72 Es 1531 1 
0687-1541 RtFXO COMP 150K JHMS 10% 1/2W Es 1541 1 
0687-1551 R3EXO COMP 1e5mM OHMS 10% 1/720 EB 1551 1 
0687-1811 R&FXO COMP 1J6C OriMS 10% 1/2 Yell 1 


£Ny Ree Ph PR Rh We 


0687-1841 R8tFXO COMF 160K OHMS 10% 1/26 184) 1 
0687-1851 R&FXD COMP 10M JHMS 10% 1/2 E38 1651 1 
0687-2211 R3tEXO COMP 220 OriMS 10% 1/2W EB 2211 1 
0687-2221 R&tFXD COMP 2200 VHMS 10% 1/2H E8 2221 i 
0687-2231 R8FXO COMP 22K OAMS 10% 1/2i EB 2231 1 


0687-2241 R8FXD COMF 220K OHMS 10% 1/2 2241 S| apa 
0687-2711 R&FXO COMF 270 OAMS +/-10% 1/2 EB2711 Sy || 3 
0687-2741 RtFXO COMP 27CK VHMS 10% 1/72W EB=2741 4) 1 
0687-3301 R8FXO COMP 33 OH4AS 10% 1/720 E38 3301 T\| ¢ 
0687-3511 R&tFXO COMP 330 OAMS 10% 1/2 ES 3311 2| 1 


0687-3521 R&tFXD COMP 3300 JHM 10% 1/2W 


1 
0687-35331 R&FXD COMP 33K OAMS 104 1/2W EB 3331. { 
0687-3351 R&8FXO COMF 3e3M JHMS 10% 1/20 EB 335 1 
0687-3931 R8FXO COMP 39K OHMS 10% 1/2\ E3 3931 1 
1 


0687-3951 R8FXD COMP 3e9M OHMS 10% 1/20 3951 


0687=4701| RISFXO COMP 47 OHMS 10% 1/2W 
0687=-4711| R&FXO COMP 470 OHMS 10% 1/20 
0687-4721] RtFXO COMP 4700 VHMS 10% 1/2w 
0687-4731| R&FXO COMP 47K 10% 1/2w 
0687-4741| RSFXO COMF 470K OHMS 10% 1/20 


4701 
EB 4711 
4721 


NN OO Ww WU We 


OR NA & 


0687-5601 R8FXO COMP 56 OHMS 10% 1/20 

0687-5611 RsFXD COMP 560 OHMS 10% 172W 
0687-5641 R8tFXO COMP 560K VHMS 10% 1/2 
0687-6821 RtFXO COMP 6800 YHMS 10% 1/20 
0687-8231 R&8FXO COMP 82K OHMS 10% 1/2 


mH NPN e& 
me & AD 


0689-1525 RtFXO COMP 3500 VHM 5% 1W 
0689-1825 R&8FXO COMF 1800 OHMS 5% 1W 
0689-2225 R8FXO COMP 2200 UHM 5® lw 
0690-1031 RsFXO COMP 10K OHMS 10% 1W 
0690-1041 R8FXO COMP 100K OHMS 10% 1 


OR & & 
De & & 


0690-12351 R&8FXO COMP 12K OHMS 10% IW 
0690-1521 R8FXD COMP 1500 OHMS 10% 1W 
0690-1531 R&FXD COMP 15K OHMS 10% 1W 
0690-1551 R3FXO COMP 165M OHMS 10% 1W 
0690-2221 R8FXD COMP 2200 OHMS 10% 1W 


im DR me & 
— be 
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0690-2231 
0690-2721 
0690-2741 
0690-3301 
0690-3921 


RtFXO COMP 22K OHMS 10% 1W 
R3FXO COMF 2700 OHMS low 1W 
R&FXO COMF 270K OHMS 10% 1h 
R8FXO COMP 33 OHS 10% Iw 

RtFxO COMF 3900 YHMS 10% 1h 


aB 2é31 
GB 2721 
GB 2741 
GB 3301 
GB 3921 


te = £ PR 


0690-3931 
0690-4711 
0690-4721 
0690-4731 
0690-5651 


R&tFXD COMP 39K OMS 10% 1 
R&FXO COMP 470 OHMS 1C% IW 
R&tFXD COMP 4700 JHMS 10% IW 
R8FXD COMP 47K OMS 108 LW 
R&FXD COMP S6K OHMS 10% LW 


G3 3931 
Gd 4711 
GB 4721 
GB 4731 
GB 563i 


— — We e& 


0690-8231 
0692-1035 
0692-5125 
0693-1531 
0693-2221 


R&tFXO COMP 82K OHMS 10% 1W 
R8FXO COMP 10K OriMS 5% 2W 
R&FXO COMP 5100 OHMS 52% 2 
R&FXD COMF 15K OHMS t0% 2W 
R8FXD COMF 2200 OHMS 10% 26 


GB 8231 
1035 


HB 1531 
2221 


0693-2231 
0693-2721 
0693-2731 
0693-3321 
0693-4721 


R&FXO COMP 22K OHMS 10% 2W 
R&FXG COMP 2700 OHMS 10% 26 
R&FXD COMF 27K OMS 10% 2W 

R&FXD COMP 3300 JHMS 10% 2W 
R&FXD COMP 4700 OHMS 10% 20 


2231 
HB 2721 
HB 2731 
HB 3321 
HB 4721 


0693-4731 
0693-8231 


R&8FXD COMP 47K OMS 10% 2W 
R&FXO COMP 82K OHMS 10% 2W 


HS 4731 
Ha 8231 


Ke ee Rw — De Nee fe 


0727-0124 R&FXD DEPC 3000 VHMS 1% 1/2 DC 1/72CRS 3K 1% 1” 
0727-0170 R&tFXD DEPC 18k OAMS 1% 1/20 DC 1/72CR5 
0727-0173 R&FXD DEPC 20K OMS 1% 1/72W DC 1/2CR5 


0727-0205 R8FXO DEPC 9OK OHM 1% 1/20 DC 1/72B RS 3 
0727-0209 R8FXO DEPC 108K JAM 1% 1/20 DC 1/2A RS 1 
0727-0216 RtFXD DEPC 13667K OHM 1% I/2b DC 1/2 RS 8 
0727-0217 R&FXD DEPC 140K OHM 1% 1/72 DC 1/728 RS 2 
0727-0218 R8FXO DEPC 180K OHM 1% 1/72W DC 1/2C RS 3 


0730-0072 R&8FXD DEPC 123K YVHMS 1% IW DC1 RS 1 
0730-0075 R8FXO DEPC I6O0K VHMS 1s 1W OC1i RS 1 
0730-0077 R&FKO DEPC 181K JHMS 16 1W DC1 R5 1 
0730-0079 R8FXO DEPC 246035K OHMS 1% 1W DC1i RS 1 
0730-0085 R8FXO DEPC 316K OHMS 1% 1W OC1 KE 1 


0763-0004 R&tFXO MET FLM 2354 OHMS 2% 2% S 25 1 
0767-0008 RteXG MET FLM 10K OHMS 5% 3W LPI 3 1 
0767-0011 RtFXD MET FLM 20% OHMS 5% SW LPI 3 1 
0770-0002 RtFXD MET FLM 2400 OHMS SK 4h LPI 4 1 
0771-0003 R8FXO MET FLM SO0O OHMS 10% 4e LPI 4 2 


0811-0006 RtFXO ww SOOO OHS 1% SW RS 5 

0818-0010 RtFXD ww 2000 OHMS S& 30W OR=30 

0818-0012 RtFXO ww 4500 OHM SX 4OwW TYPE8ZT 
0818-0014 R8FXD ww $000 OHMS 5% 4OW TYPE OR 40/1000 


0839-0006 RTs 20 OHMS 10% 20 754 


Kee Ne WwW NRK &- & & 


1250-0118 CONNECTOR §BNC 8427 
1251-0006 CONNECTOR#MALE lLo@CONTACT 26-4100-16P 
1251-0007 CONNECTORSFEMALE 1J6=<PIN 264200-16S 
1400-0007 FUSEHOLDER 342005 
1450-0027 LAMPHOLDER! BAYONET 810B=1 
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1901-0025 
1901-0033 
1910-0011 
1921-0010 
1923-0001 


1923-0002 
1923-0017 
1923-0028 
1932-0008 
1932-0009 


1932-0016 
1932-0025 
1932-0027 
1932-0030 
1933-0005 


1933-0004 
1940-0001 
1970-0003 
2100-0030 
2100-0044 


2100-0095 
2100-0094 
2100-0095 
2100-0144 
2100-0154 


2100-0177 
2110-0002 
2110-0025 
2140-0008 
2140-0009 


3100-0147 
3100-0178 
3100-0179 
3101-0005 
3101-0011 


3101-0014 
3101-0017 
3103-0007 
3140-0006 
3150-0002 


3150-0009 
5248-60G 

8120-0015 
9100-0099 
9100-0100 


9130-0008 
9140-0009 
9140-0027 
9140-0029 
9140-0031 
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DIODE SILICON PIv 4O0V I AVGE Oe75A 
SEMICON DEVICE CIODE 1N485B 

DIODE GERMANIUM SMA AT lv 60 PIV 
ELECTRON TUBES 12B4A TROIDE 9 PIN 
ELECTRON TUBE’ 5654 PENTODE HP 


MIN 


ELECTRON 
ELECTRON 


§725 PENTODE 

6AH6 PENTODE 

ELECTRON TUBE 6CB6A PENTODE 

ELECTRON TUBE8 TaIN TROICE 9 PIN MINIAT 
TUBEtELECTRON 5965 


TUBE 3 
TUBE 8 


7149 OUAL TRIODE 
6J6 DOUBLE TRICCE 
12AT7 OVAL TRIOCE 
A2AX7 DUAL YRICLE 
63H8 TRIODE PENTCDE 


ELECTRON 
ELECTRON 
ELECTRON 
ELECTRON 
ELECTRON 


TUBE 8 
TUBE 8 
TUBE 8 
TUBE 8 
TUBE 8 


ELECTRON TUBES 6U8 OR 6USA TRIODCE PENTOVE 
ELECTRON TUBES 5651 VOLTAGE REFERENCE 

TYPE 6700 MAGNETIC BEAM SWITCHING TUBE 
R&VAR COMP 250K 10% CWLOG 2W 

R&tVAR COMP SOK OHMS 10% 20 


R&VAR 
R&VAR 


ComP 
COMP 


20K OHMS 2Ow* LIN 1/750 
SOK OHMS 30% LIN 1/5W 
R&VAR COMP 100K OHMS 30% LIN 1/58 
R&SVAR COMP 250K OHM 30% LIN 1/50 
R COMP 8000 OHM 50% LIN 3/108 


RtVAR DUAL 2XA100K 20% LIN 2W 
FUSESCARTRIOGE 2 AMP 3 AG 
FUSESCARTRIOGE 6625 AMP 250V SLCb 
LAMP GLOW NE=2 NcON 

LAMP INCANDESCENT 6°8V e135 AMP 


BLOW 


SWITCH=LEVER!# 3 POS 
SWITCH=ROTARYs 5S POS 1 SECT 


SWITCH@ROTARYs OVAL CONCENTRIC 10 POS 
SWITCH TOG OPOT JAN &#ST22N 
SWITCH SLIDE OPOT OS AmP 125 WCC 


SWITCH PUSHBUTTON SPOT BREAK BEFORE MAKE 
SWITCH TOG OPOT 10 AMP 250V 

SWITCHS THERMOSTAT SPOT 

MOTORSAC & POLE 135 VAC 60 CYCLES 1700RPm 
OIL8AIR FLewATER SOLUAGLE OIL 


FL AIR 10 X 10 & 7/8 
COIL’ 10.5UH 

CABLE *POWER 

T POWER 

T POWER 


TRANSFORMER 8PULSt 
COIL VAR RF 50-100 
COIL FXO RF 35 UHY 
COILSRF CHOKE 1L00UH 26 OHMS 
COIL FXO RF 75 UNY 


UHY 


# See introduction to this section 


1901 Ov2s 
1N485B 
1910 OUSS 
12B4A 
5654 


5725 
6AH6 
6CB6A 
1932 0008 
5965 


7119 
6J6A 
12AT7 


68H8 


6U8 

5651 
6700 
2100 
2100 


0030 
0044 


0093 
0094 
0095 
0144 
0154 


2100 
2100 
2100 
2100 
2100 


2100 0177 
3120002 
MOF 6025 
NE2 

47 


3100 0147 
3100 0178 
3100 0179 
95691 
4603 


4S$-1106 

8261] 

20410418 191 
MODEL 103 1465 
SN 411 


3150 O0V009 
524B-60G 
KH3981/PH70/7 SFT 
9100 0099 
9100 0100 


9130-0008 
9140 0009 
9140 0027 
3100-15-101 
9140 0031 
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9140-0044 
9190=00Ce2 
218A=-40C 
218A-6U6 
218A-60C 


218A-60D 
218A-60E 
AC4=10 

G-29F -85 
G=31G-15A 


G=-31G=27H 
G-76=0 
G=-84-E 
G31G=8A 


00095-1 


COIL VAR 165 UHY 

DELAY LINE O65 U-SECe 1700 IMP. 
DIAL ASSBY ' 
TRANSFORMERSPULSe REO 
TRANSFORMER SPULSC YELLOW 


TRANSFORMERSPULSe GREY 
TRANSFORMERSPULSc GREEN 

LAMPtNEON AGEDe SELECTEO+ DOT CA # LEAD 
SEMICON DEVICE SD010DE INSS 

SEMICON DEVICEsDIOCE SILICON 


SEMICON DEVICESDIODE 27VOLT 
CONNECTORSFEMALE 9=PIN PC 
LAMP 8NEON 

SEMICON DEVICE 801 0DE 


# See introduction to this section 


9140 0044 
9190-0002 
218A=40C 
218A-60B 
218A-60C 


218A°600 
218A-60E 
AC4-10 

G-29F $65 
G-31G-15A 


G-316-27H 
G-760 
G-84E 
G-316"-6A 


—wO mH — Ww We = & = 
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Appendix 
CODE CODE 
NO. MANUFACTURER ADDRESS NO. 
73734 Federal Screw Products Co. Chicago, Ill. 82647 
73743 Fischer Special Mfg. Co. Cincinnati, Ohio 
73793 The General Industries Co. Elyria, Ohio 82866 
73905 Jennings Radio Mfg. Co. San Jose, Calif. 82877 
74455 J.H. Winns, and Sons Winchester, Mass. 
74861 Industrial Condenser Corp. Chicago, Ill. 82893 
74868 R.F. Products Division of Amphenol- 83053 
Borg Electronics Corp. Danbury, Conn. 83058 
74970 €E. F. Johnson Co. Waseca, Minn. 83086 
75042 International Resistance Co. Philadelphia, Pa. 
75173 Jones, Howard B., Division 83125 
of Cinch Mfg. Corp. Chicago, Ill. 93148 
75378 James Knights Co. Sandwich, Ill. 83186 
75382 Kulka Electric Corporation Mt. Vernon, N.Y. 83298 
75818 Lenz Electric Mfg. Co. Chicago, Ill. 83330 
75915 Littelfuse Inc. Des Plaines, Ill. 83501 
76005 Lord Mfg. Co. Erie, Pa. 
76210 C.W. Marwedel San Francisco, Calif. 83594 
76433 Micamold Electronic Mfg. Corp. s 83777 
Brooklyn, N.Y. 
76487 James Millen Mfg. Co., Inc. Malden, Mass. 83821 
76493 J. W. Miller Co. Los Angeles, Calif. 84171 
76530 Monadnock Mills San Leandro, Calif. 84396 
76545 Mueller Electric Co. Cleveland, Ohio 
76854 Oak Manufacturing Co. Crystal Lake, Ill. 84411 
77068 Bendix Pacific Division of 84970 
Bendix Corp. No. Hollywood, Calif. 85454 
77221 Phaostron Instrument and 85471 
Electronic Co. South Pasadena, Calif. 85474 
77252 Philadelphia Steel and Wire Corp. 
Philadelphia, Pa. 85660 
77342 Potter and Brumfield, Div. of American 85911 
Machine and Foundry Princeton, Ind. 86197 
77630 Radio Condenser Co. Camden, N.J. 
77638 Radio Receptor Co., Inc. Brooklyn, N.Y. 86684 
77764 Resistance Products Co. Harrisburg, Pa. 
78189 Shakeproof Division of Illinois 87216 
Tool Works Elgin, Ill. 
78283 Signal Indicator Corp. New York, N.Y. 87473 
|78471 Tilley Mfg. Co. San Francisco, Calif. 88140 
78488 Stackpole Carbon Co. St. Marys, Pa. 88220 
78553 Tinnerman Products, Inc. Cleveland, Ohio 89473 
78790 Transformer Engineers Pasadena, Calif. 
78947 Ucinite Co. Newtonville, Mass. 89636 
79142 Veeder Root, Inc. Hartford, Conn. 9 
79251 Wenco Mfg. Co. Chicago, Ill. : 0 ee 
79727 Continental-Wirt Electronics Corp. 
Philadelphia, Pa. 90970 
79963 Zierick Mfg. Corp. New Rochelle, N.Y. 91260 
80031 Mepco Division of d 91345 
Sessions Clock Co. Morristown, N.J. 
80120 Schnitzer Alloy Products Elizabeth, N.J. 91418 
80130 Times Facsimile Corp. New York, N.Y. 91506 
80131 Electronic Industries Association 91637 
Any brand tube meeting EIA 
standards Washington, D.C. 91662 
80207 Unimax Switch, Div. of 91737 
W. L. Maxson Corp. Wallingford, Conn. 91827 
80248 Oxford Electric Corp. Chicago, Ill. 91921 
80294 Bourns Laboratories, Inc. Riverside, Calif. 
80411 Acro Div. of Robertshaw 72196 
Fulton Controls Co. Columbus 16, Ohio 93332 
80486 All Star Products Inc. Defiance, Ohio 
80583 Hammerlund Co., Inc. New York, N.Y. 93369 
80640 Stevens, Arnold, Co., Inc. Boston, Mass. 93410 
81030 International Instruments, Inc. 93983 
New Haven, Conn. 
81312 Winchester Electronics Co., Inc. 94144 
Norwalk, Conn. 
81415 Wilkor Products, Inc. Cleveland, Ohio 
81453 Raytheon Mfg. Co., Industrial 94145 
Components Div., Industr. 
Tube Operations Newton, Mass. 94148 
81483 International Rectifier Corp. 
El Segundo, Calif. 94154 
81860 Barry Controls, Inc. Watertown, Mass. 94197 
82042 Carter Parts Co. Skokie, Ill. 
82142 Jeffers Electronics Division of 94310 
Speer Carbon Co. Du Bois, Pa. 
82170 Allen B. DuMont Labs., Inc. Clifton, NJ. 974682 
82209 Maguire Industries, Inc. Greenwich, Conn. 
82219 Sylvania Electric Prod. Inc., 95236 
Electronic Tube Div. Emporium, Pa. 95238 
82376 Astron Co. East Newark, N.J. 95263 
82389 Switchcraft, Inc. Chicago, Ill. 95264 
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MANUFACTURER ADDRESS 


Metals and Controls, Inc., Div. of 
Texas Instruments, Inc., 
Spencer Prods. 


Research Products Corp. 
Rotron Manufacturing Co., Inc. 
Woodstock, N.Y. 
Vector Electronic Co. Glendale, Calif. 
Western Washer Mfr. Co. Los Angeles, Calif. 
Carr Fastener Co. Cambridge, Mass. 


New Hampshire Ball Bearing, Inc. 
Peterborough, N.H. 
Darlington, S.C. 


Los Angeles, Calif. 


Attleboro, Mass. 
Madison, Wis. 


Pyramid Electric Co. 
Electro Cords Co. 


Victory Engineering Corp. Union, N.J. 
Bendix Corp., Red Bank Div. Red Bank, N.J. 
Smith, Herman H., Inc. Brooklyn, N.Y. 


Gavitt Wire and Cable Co., 
Div. of Amerace Corp. 
Burroughs Corp., 
Electronic Tube Div. 
Model Eng. and Mfg., Inc. 


Brookfield, Mass. 
Plainfield, N.J. 


Huntington, Ind. 
Festus, Mo. 
New York, N.Y. 


Loyd Scruggs Co. 
Arco Electronics, Inc. 


A. J. Glesener Co., Inc. 
San Francisco, Calif. 


Good All Electric Mfg. Co. Ogallala, Neb. 
Sarkes Tarzian, Inc. Bloomington, Ind. 
Boonton Molding Company Boonton, N.J. 


A. B. Boyd Co. San Francisco, Calif. 


R. M. Bracamonte & Co. 
San Francisco, Calif. 
New Haven, Conn. 


Chicago, Ill. 


Koiled Kords, Inc. 
Seamless Rubber Co. 
Clifton Precision Products 
Clifton Heights, Pa. 
Radio Corp. of America, RCA 
Electron Tube Div. Harrison, N.J. 
Philco Corp. (Lansdale Division) 
Lansdale, Pa. 
Western Fibrous Glass Products Co. 
San Francisco, Calif. 
Cutler-Hammer, Inc. Lincoln, Ill. 
Gould-National Batteries, Inc. St. Paul, Minn. 
General Electric Distributing Corp. 
Schenectady, N.Y. 
Carter Parts Diy. of Economy Baler Co. 


Chicago, Ill. 

United Transformer Co. Chicago, III. 
U.S. Rubber Co., Mechanical 

Goods Div. Passaic, N.J. 


Bearing Engineering Co. San Francisco, Calif. 
Connor Spring Mfg. Co. San Francisco, Calif. 
Miller Dial & Nameplate Co. 
El Monte, Calif. 
Chicago, III. 
Attleboro, Mass. 
Columbus, Nebr. 
Philadelphia, Pa. 
Gremar Mfg. Co., Inc. Wakefield, Mass. 
K F Development Co. Redwood City, Calif. 
Minneapolis-Honeywell Regulator Co., 
Micro-Switch Division Freeport, Ill. 
Universal Metal Products, Inc. 
Bassett Puente, Calif. 
Sylvania Electric Prod. Inc., 
Semiconductor Div. 
Robbins and Myers, Inc. 
Stevens Mfg. Co., Inc. 
Insuline-Van Norman Ind., Inc. 
Electronic Division Manchester, N.H. 
Raytheon Mfg. Co., Industrial Components 
Div., Receiving Tube Operation 
Quincy, Mass. 
Raytheon Mfg. Co., Semiconductor Div., 
California Street Plant Newton, Mass. 
Scientific Radio Products, Inc. 
Loveland, Colo. 
Newark, N.J. 


Radio Materials Co. 
Augat Brothers,'Inc. 
Dale Electronics, Inc. 
Elco Corp. 


Woburn, Mass. 
New York, N.Y. 
Mansfield, Ohio 


Tung-Sol Electric, Inc. 
Curtiss-Wright Corp., 
Electronics Div. East Paterson, N.J. 
Tru Ohm Prod. Div. of Model 
Engineering and Mfg. Co. Chicago, Ill. 
Worcester Pressed Aluminum Corp. 
Worcester, Mass. 
Allies Products Corp. Miami, Fla. 
Continental Connector Corp. Woodside, N.Y. 
Leecraft Mfg. Co., Inc. New York, N.Y. 
Lerco Electronics, Inc. Burbank, Calif. 


CODE 
NO. MANUFACTURER ADDRESS 

95265 National Coil Co. Sheridan, Wyo. 
95275 Vitramon, Inc. Bridgeport, Conn. 
95354 Methode Mfg. Co. Chicago, Ill. 
95987 Weckesser Co. Chicago, Ill. 
96067 Huggins Laboratories Sunnyvale, Calif. 
96095 Hi-@ Division of Aerovox Olean, N.Y. 
96256 Thordarson-Meissner Div. of 

Maguire Industries, Inc. | Mt. Carmel, Ill. 
96296 Solar Manufacturing Co. - Los Angeles, Calif. 
96330 Carlton Screw Co. Chicago, Ill. 
96341 Microwave Associates, Inc. Burlington, Mass. 
96501 Excel Transformer Co. Oakland, Calif. 
97464 Industrial Retaining Ring Co. Irvington, N.J. 
97539 Automatic and Precision 

Mfg. Co. Yonkers, N.Y. 
97966 CBS Electronics, 

Div. of C.B.S., Inc. Danvers, Mass. 
98141 Axel Brothers Inc. Jamaica, N.Y. 
98220 Francis L. Mosley Pasadena, Calif. 
98278 Microdot, Inc. So. Pasadena, Calif. 
98291 Sealectro Corp. Mamaroneck, N.Y. 
98405 Carad Corp. Redwood City, Calif. 
98734 Palo Alto Engineering 

Co., Inc. Palo Alto, Calif. 
98821 North Hills Electric Co. Mineola, N.Y. 
98925 Clevite Transistor Prod. 

Div. of Clevite Corp. Waltham, Mass. 
98978 International Electronic 

Research Corp. Burbank, Calif. 
99109 Columbia Technical Corp. New York, N.Y. 
99313 Varian Associates Palo Alto, Calif. 
99515 Marshall Industries, Electron 

Products Division Pasadena, Calif. 
99707 Control Switch Division, Controls Co. 

of America El Segundo, Calif. 
99800 Delevan Electronics Corp. East Aurora, N.Y. 
99848 Wilco Corporation Indianapolis, Ind. 
99934 Renbrandt, Inc. Boston, Mass. 
99942 Hoffman Semiconductor Div. of 

Hoffman Electronics Corp. Evanston, Ill. 
99957 Technology Instrument Corp. 


of Calif. Newbury Park, Calif. 


THE FOLLOWING H-P VENDORS HAVE NO NUM- 
BER ASSIGNED IN THE LATEST SUPPLEMENT TO 
THE FEDERAL SUPPLY CODE FOR MANUFACTURERS 
HANDBOOK. 


0000F Malco Tool and Die Los Angeles, Calif. 


00001! Telefunken (c/o American 

Elite) New York, N.Y. 
0000M Western Coil Div. of Automatic 

Ind., Inc. Redwood City, Calif. 


0000N Nahm-Bros. Spring Co. 
0000P Ty-Car Mfg. Co., Inc. 


0000T Texas Instruments, Inc. 
Metals and Controls Div. 


0000U Tower Mfg. Corp. 
0000W Webster Electronics Co. Inc. 


San Leandro, Calif. 
Holliston, Mass. 


Versailles, Ky. 
Providence, R.|. 


New York, N.Y. 
Spruce Pine, N.C. 
Kansas City, Kans. 
Newark, N.J. 


00.00X Spruce Pine Mica Co. 
0000Y Midlana Mfg. Co. Inc. 
0000Z Willow Leather Products Corp. 
000AA British Radio Electronics Ltd. 
Washington, D.C. 

000B8B Precision Instrument Components Co. 

Van Nuys, Calif. 
000CC Computer Diode Corp. Lodi, N.J. 
OOOEE A. Williams Manufacturing Co. 
; San Jose, Calif. 


000FF Carmichael Corrugated Specialties 
Richmond, Calif. 


000GG Goshen Die Cutting Service Goshen, Ind. 
000H H Rubbercraft Corp. Torrance, Calif. 
00011 Birtcher Corporation, Industrial 

Division Monterey Park, Calif. 
000KK Amatom New Rochelle, N.Y. 
OOOLL Avery Label Monrovia, Calif. 


000M MRubber Eng. & 

Development 
000NNA"'N' D Manufacturing Co. 
San Jose 27, Calif. 
Sun Valley, Calif. 
Oakland, Calif. 
Des Plaines, III. 
Burbank, Calif. 
Elizabeth 1, N.J. 


Hayward, Calif. 


000PP Atohm Electronics, 
0009 9 Cooltron 

OOORR Radio Industries 
000SS Control of Elgin Watch Co. 
000TT Thomas & Betts Co., The 


From: F.S.C. Handbook Supplements 
H4-1 Dated: June 1962 


H4-2 Dated: March 1962 


00095 -1 


WARRANTY ——— 


All our products are warranted against defects in materials and workmanship for one year from 
the date of shipment. Our obligation is limited to repairing or replacing products (except tubes) 
which prove to be defective during the warranty period. We are not liable for consequential 
damages. 


For assistance of any kind, including help with instruments under warranty, contact your authorized 4p 
Sales Representative for instructions. Give full details of the difficulty and include the instrument model 
and serial numbers. Service data or shipping instructions will be promptly sent to you. There will be no 
charge for repair of instruments under warranty, except transportation charges. Estimates of charges for 
non-warranty or other service work will always be supplied, if requested, before work begins. 


CLAIM FOR DAMAGE IN SHIPMENT 


Your instrument should be inspected and tested as soon as it is received. The instrument is insured for 
safe delivery. If the instrument is damaged in any way or fails to operate properly, file a claim with the 
carrier or, if insured separately, with the insurance company. 


SHIPPING 


On receipt of shipping instructions, forward the instrument prepaid to the destination indicated. You may 
use the original shipping carton or any strong container. Wrap the instrument in heavy paper or a plastic 
bag and surround it with three or four inches of shock-absorbing material to cushion it firmly and prevent 
movement inside the container. 


GENERAL 


Your authorized @ Sales Representative is ready to assist you in any situation, and you are always wel- 
come to get directly in touch with Hewlett-Packard service departments: 


CUSTOMER SERVICE OR (In Western Europe) 
Hewlett-Packard Company Hewlett-Packard S.A. 

395 Page Mill Road 54-54bis Route Des Acacias 
Palo Alto, California, U.S.A. Geneva, Switzerland 
Telephone: (415) 326-1755 Telephone: (022) 42. 81. 50 


TWX No. PAL AL 117-U Cable: "HEWPACKSA" 


Cable: "HEWPACK" 


00390-2 W) 


218A-901 


